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Abstract
Teaching Individuals to Tact the Intensity of Sensations
Author: Sandhya Rajagopal
Advisor: Catherine Nicholson, Ph.D.
Healthcare professionals frequently ask individuals to use numerical rating scales to rate
their pain intensity; therefore, reporting the intensity of private sensations is an important
skill. Yet individuals with autism often have difficulty reporting sensations. Using a
multiple baseline design across stimulus sets in the pilot experiment and Experiment 1, a
multiple probe design across participants in Experiment 2, and a multiple probe design
across stimulus sets in Experiment 3, the present study investigated a method of teaching
typically developing adults and children and one child with autism to report the intensity of
tactile sensations rough, tight, heavy, and temperature. The participants felt the stimuli by
hand within a stimulus box; the stimuli were hidden from the participants’ view throughout
the study. The participants all mastered the taught intensity tacts; several participants
demonstrated generalization to novel, similar stimuli and a novel body part for at least one
sensation, but generalization to novel intensities was limited and inconsistent among the
participants. Findings suggest that this method may be feasible for use with individuals
with autism; implications are discussed.
Keywords: private events, tact, tactile, intensity, autism
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Brief Introduction: Teaching Individuals to Tact
Intensity
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder presenting
with social and communication deficits (American Psychological Association, n.d.).
Common communication deficits include delayed language development and non-vocal
communication (e.g., facial expressions; National Institute on Deafness and Other
Communication Disorders, n.d.).
A common misconception (e.g., Nader et al., 2004; Tordjman et al., 2009) is that
individuals with ASD do not experience pain as their typically developing peers do.
According to Allely (2013), individuals with ASD are described by caregivers as
displaying “unusual” or “absent” responses to painful stimuli; caregivers may report
unique behavioral indices of pain, as well (Allely, 2013, p. 15). However, Nader et al.
(2004) demonstrated that children with ASD emitted greater facial activity during a
venipuncture procedure and more behavioral distress (Observational Scale of Behavioral
Distress; Jay & Elliott, 1986) after a venipuncture procedure than a comparison group of
children. Similarly, Tordjman et al. (2009) demonstrated that children with ASD had
increased heart rates during a venipuncture medical procedure compared with a control
group of typically developing children. Tordjman et al. posited the following potential
causes of different mode of pain expression: vocal communication deficits, non-vocal
communication deficits, inability to locate the affected area, difficulty identifying the
relationship between painful stimuli and painful sensations, difficulty with discrimination
and abstraction, and difficulty learning typical pain responses (Tordjman et al., 2009).
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Unique, unusual, or absent responses to painful stimuli could limit a clinician’s access to
critical information about the nature of an individual’s pain, thereby impeding the
individual’s access to adequate medical care.
When visiting a doctor’s office for any ailment that might involve pain, an
individual might be asked to self-report the type and intensity of pain being experienced.
Such scenarios typically involve pain scales, such as numerical rating scales (NRS), visual
analog scales (VAS), and categorical scales. Regardless of the type of scale, an individual
with ASD who has not been taught to discriminate varying sensations and intensities, nor
been taught to match intensities with a number, facial expression, or word, is unlikely to
vocally report pain, pressure, intensity, burning, itching, heat, or other sensations using
accurate vocabulary and descriptors that are likely to recruit proper treatment by a doctor.
Past research (e.g., Ackerley et al., 2012) has provided a foundation for the present
study through experimental arrangements requiring individuals to estimate magnitudes and
intensities of various stimuli. Shields et al. (2003) attempted to teach children to use a VAS
to tact pain, finding that most children did not understand and use the scale correctly. To
date, no one has taught individuals to use an NRS to tact intensity; therefore, the purpose
of the present study was to extend behavior analytic research to teach adults and children to
report intensity of stimulation along an NRS. Teaching occurred across multiple stimuli,
such as water and sandpaper, at multiple intensities, such as a “4” and a “5.” A secondary
purpose of the present study was to test whether individuals might then demonstrate
derived relational responding to novel intensities, abstraction to novel stimuli, and stimulus
generalization to a novel body part. We were especially interested in examining the
acquisition and generalization patterns for the participant with ASD who participated in
this study.
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Research questions
1. Will typically developing adults and children and a child with ASD learn to accurately
tact various intensities of stimulation?
2. To what extent will teaching typically developing adults and children, as well as a child
with ASD, to tact intensities result in these individuals tacting novel intensities, intensities
of novel similar stimuli, and intensities on novel body parts?
3. How will consumers of the research (i.e., participants and parents) rate the acceptability
of the goals, procedures, and outcomes of the study?
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Chapter 1
Review of the Literature
[I] What is Pain?
Definition
Pain is a complex phenomenon that has proved difficult to define; scientists and
philosophers have grappled with operationalizing the similarities between a broken heart
and a broken bone. Merskey’s (1964) definition described pain as “an unpleasant
experience which we primarily associate with tissue damage, or describe in terms of such
damage, or both” (Merskey, 1991, p. 156). Two components arose from this definition: (a)
bodily damage and (b) unpleasantness. This practical definition of pain described the
experience of pain as a sensation, rather than relying on the medical cause of the condition,
noxious stimulation, or processes of the nervous system.
In 1979, the International Association for the Study of Pain (IASP) released its
first definition of pain: “An unpleasant sensory and emotional experience associated with
actual or potential tissue damage, or described in terms of such damage” with the following
accompanying notes:
The inability to communicate verbally does not negate the possibility that an
individual is experiencing pain and is in need of appropriate pain-relieving
treatment. Pain is always subjective. Each individual learns the application of the
word through experiences related to injury in early life. Biologists recognize that
those stimuli which cause pain are liable to damage tissue. Accordingly, pain is
that experience we associate with actual or potential tissue damage. It is

TACTING INTENSITY

5

unquestionably a sensation in a part or parts of the body, but it is also always
unpleasant and therefore also an emotional experience. Experiences which
resemble pain but are not unpleasant, e.g., pricking, should not be called pain.
Unpleasant abnormal experiences (dysesthesias) may also be pain but are not
necessarily so because, subjectively, they may not have the usual sensory qualities
of pain. Many people report pain in the absence of tissue damage or any likely
pathophysiological cause; usually this happens for psychological reasons. There is
usually no way to distinguish their experience from that due to tissue damage if we
take the subjective report. If they regard their experience as pain, and if they report
it in the same ways as pain caused by tissue damage, it should be accepted as pain.
This definition avoids tying pain to the stimulus. Activity induced in the nociceptor
and nociceptive pathways by a noxious stimulus is not pain, which is always a
psychological state, even though we may well appreciate that pain most often has a
proximate physical cause. (IASP, 1979)
Debate over the definition of pain over the years eventually culminated in the need
for a revised IASP (2019) definition. Merskey (1991) recapitulated his own definition and
IASP's (1979) definition of pain, pointing out that although criticisms have noted the lack
of behavioral description, the subjective nature of pain precludes a description of behavior.
While Merskey (1991) observed that more detail regarding the qualities of unpleasantness
could be beneficial, he concluded by pointing out that pain may be simpler than people
propose. Merskey believed the experience of pain to be monistic but took a dualistic view
of its causes (i.e., organic and/or psychological origin). Specifically, the experience of pain
primarily involves the sensation felt (e.g., “I have a throbbing pain in my temple”), while
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its causes may be multiple (e.g., dehydration, stress, lack of sleep, dilated blood vessels,
etc.).
In 1984, Craig discussed the factors contributing to pain experience in an
individual, including that individual’s history, the social context the pain occurs in, the
“meaning” of the pain experience, and sensory input provided by noxious stimuli.
Additionally, Craig highlighted important psychological variables such as cognitive
processes, community-based beliefs, and even the potential for correlation between anxiety
levels and pain levels. Importantly, Craig also discussed behavioral markers of pain
beyond vocal self-report, including “non-verbal display,” “vocal qualities, facial
expression, posture, and gross bodily movement” (p. 839). Craig also brought up the
possibility of pain behavior that begins to be maintained by socially mediated
consequences such as attention (i.e., sympathy), escape from work, and access to bedrest or
powerful medications, stemming from Fordyce’s (1982, 1984; also, see Fordyce et al.,
1973) operant model of pain. Rachlin (1985) summarized a behavioral theory of pain,
stating that in a behavioral framework, sensory pain is likely respondent behavior while
psychological pain is likely operant behavior for which there may no longer be an
identifiable antecedent noxious stimulus. According to Rachlin (1985), from a behavioral
perspective, the privacy of pain simply reflects the broad understanding that a person’s
self-report and other overt pain behavior is trusted, regardless of whether the damage from
the injury is observable. Baum (2011), Catania (2011), and Leigland (2014) provide
examples of more recent behavioral analyses of pain.
Baum (2011) rejected the study of private events and conceptualization of pain as a
private event, suggesting that examining pain and other sensations from a molar
perspective eliminates the need for this view. Specifically, he implied that there is no need
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to examine alleged private events, and that an individual’s pain behavior occurs throughout
extended activities and is influenced by longer-term patterns and the individual’s history.
Baum provided the example of a pinched nerve, suggesting that complaints of pain
produced by the pinched nerve are not complaints regarding any private stimulus; rather,
the pinched nerve is necessarily observable. Baum also argued against the possibility that
one may not show signs of pain while in pain, suggesting that the individual’s collateral
responses and the behavior of the observers indicate whether the individual is in pain.
Baum’s (2011) perspective that a thorough science of behavior does not require
inclusion of private events may be sufficient when considering typically developing
individuals. However, his analysis does not account for special populations such as
individuals with ASD, who may not readily display collateral responses indicative of pain
or other sensations. In addition to this oversight, Catania (2011) approached the issue of
private events within a molecular paradigm, rebutting Baum’s (2011) claims and stating
that his analysis was not data-based and excluded important details and contingencies.
Catania (2011) emphasized the verbal community’s participation in shaping responses to
private events despite lacking direct access to those events (e.g., pain) which are
experienced uniquely by the speaker. Leigland (2014) noted that it may be critical to
combine molar and molecular perspectives when considering private events, such as in the
case of acute versus chronic pain (see Hineline’s multiscaled analysis, 2011). Although
there has been debate within the behavior analytic community over whether and how to
conceptualize pain and private events, the viewpoints described here are compatible with
IASP’s definition of pain.
Objections to IASP’s widely accepted definition of pain have emerged recently;
Cohen et al. (2018) published a response suggesting that metaphorical pain (e.g., a broken
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heart) is incompatible with the premise of actual tissue injury. The authors summarized key
components of IASP’s definition, including sensory, emotional, injurious, and painful
aspects, and provided some background information on the merging of the science of
nociception and clinically appropriate, practical applications for pain experience. However,
Cohen et al. continued to speculate whether pain can be defined without using direct
language (e.g., we often use metaphors). Additionally, according to the authors, clinicians
often directly link tissue damage and pain report, but if the patient or clinician have limited
abilities to describe a specific condition sufficiently, the patient might feel stigmatized or
misunderstood. For example, if a patient reports shoulder pain but the clinician does not
see any physical evidence of a shoulder injury, the patient may not feel that their account
has been validated. Further, pain must be understood in terms of not only the pain
experience, but also in terms of the target individual’s early life and the time during which
description of pain was learned (Cohen et al., 2018).
Cohen et al. (2018) provided several criticisms of IASP’s definition of pain. For
one, the authors suggested that the word “unpleasant” does not sufficiently encapsulate the
experience of suffering. In addition, they pointed out that although IASP differentiates
between pain experience and nociception, the definition remains outdated and dualistic;
pain’s occurrence without tissue damage seems to imply that it occurs in the “mind”
(Cohen et al., 2018, p. 3). Cohen and colleagues’ next criticism resulted from the definition
suggesting that different pain events occur similarly as an unpleasant sensory or emotional
experience, when the authors suggest that there are actually a multitude of causes and
events with unique qualities along sensory and affective dimensions. IASP’s definition also
fails to address cognitive (e.g., memory of past pain; beliefs about pain) and social (e.g.,
pain’s impact on socialization) dimensions of pain, according to Cohen et al. Further, the
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attention to verbal self-report as the optimal indicator of pain excludes certain populations
(see Anand & Craig [1996], who advocated for modification of pain assessment
methodology to include all abilities). Cohen et al. (2018) also stated that IASP’s definition
does not resolve the disconnect between the individual’s actual pain experience and the
observing individual’s observation of the pain experience, saying that “although pain is
‘always subjective,’ objectivity is also required, thus privileging the stance of the observer
over that of the experiencer” (p. 6).
Proposing a new definition of pain, Cohen et al. (2018) discussed the influence of
the verbal community in shaping verbal behavior about pain. Their new suggested
definition eliminates the disconnect between the observer and observed by failing to
provide either party with the advantage and also encompasses a bodily experience
resembling a threat rather than damage. Thus, Cohen and colleagues proposed the
following: “Pain is a mutually recognisable [sic] somatic experience that reflects a person’s
apprehension of threat to their bodily or existential integrity” (p. 6), a definition relying on
psychophysical and phenomenological studies. The authors’ definition accounts for
intersubjectivity (i.e., the verbal community), replaces sensory and emotional with somatic
(i.e., the experience is bodily rather than in the mind), deteriorates the link between tissue
damage and pain, and references the apprehension of bodily threat rather than actual
damage (Cohen et al., 2018). However, it is possible that this definition still may not
address populations such as individuals with ASD.
One complex yet important facet of any complete definition of pain is the
individuality of the pain experience. According to Fillingim (2017), the subjectivity and
extremely personal nature of the pain experience results in barriers for pain researchers and
clinicians. Pain has thus far been impossible to directly measure, requiring reliance on self-
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report and overt behavioral indices. Fillingim described interpersonal differences as
completely separate from the antecedent aversive stimulus; that is, two people could be
affected by the same potentially pain-inducing stimulus but have two completely different
pain experiences. He provided examples of this phenomenon, stating that stimuli delivered
at standardized intensities could produce vastly different, subjective pain reports and brain
activity across individuals. Further, he provided data demonstrating that when 321 adults
were asked to report the same thermal stimulus (i.e., 48° C) on a 101-point scale (i.e., “0
[no pain] to 100 [most intense pain imaginable];” Fillingim, 2017, p. 16), reports ranged
from 4 to 100, with a mean rating of 71.8. Biological, psychological, and social factors
may also influence other individual differences. Correlations have been noted between pain
experience and demographic factors such as race, gender, and age, and pain may also
interact with genetic factors. Fillingim (2017) pointed out that there is a lack of and
therefore need for predictive evaluations relating unique characteristics (e.g.,
demographics, biological features) to outcomes of pain treatments, so that clinicians can
better customize treatments.
Beyond including information pertaining to individuality of pain, definitions that
apply to populations with limited communication skills are warranted (Anand & Craig,
1996). Oberlander and Symons (2006) described pain as “a universal biological experience
that is essential to promoting health (it alerts us to danger), but is also associated with
tremendous suffering that compromises the quality of life when underrecognized or poorly
treated” (p. 1). The authors noted that individuals with limited communication experience
pain as frequently as typically developing individuals, despite misconceptions. The only
notable difference between populations is mode of pain expression; therefore, Craig (2006)
proposed that traditional definitions adapt to and accommodate individuals with
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developmental disabilities. Beyond the previously stated issues (Cohen et al., 2018), Craig
(2006) noted that the IASP’s (1979) pain definition fell short in its component referring to
description of the damage causing pain; individuals with developmental disabilities’
communication deficits may preclude verbal report. Overall, Craig (2006) stated,
nonverbal pain expression should be prominent in the definition of pain to include
populations such as individuals with developmental disabilities and young infants, but this
has not been widely accepted. While it is crucial that overt responses emitted by these
populations be included in broadly used definitions of pain, in 2019, IASP presented an
updated definition of pain that is sufficient for the purposes of the present paper.
Specifically, the IASP sought feedback from the pain community to revise the
1979 definition. The new definition, proposed in August 2019, defines pain as “An
aversive sensory and emotional experience typically caused by, or resembling that caused
by, actual or potential tissue injury” with the following accompanying notes:
•

“Pain is always a subjective experience that is influenced to varying
degrees by biological, psychological, and social factors.

•

Pain and nociception are different phenomena: the experience of pain
cannot be reduced to activity in sensory pathways.

•

Through their life experiences, individuals learn the concept of pain and its
applications.

•

A person’s report of an experience as pain should be accepted as such and
respected.

•

Although pain usually serves an adaptive role, it may have adverse effects
on function and social and psychological well-being.
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Verbal description is only one of several behaviors to express pain;
inability to communicate does not negate the possibility that a human or a
non-human animal experiences pain.” (IASP, 2019)

Nociception: Pain and the Brain
Pain Versus Nociception. The focus of the present paper will be on the
aforementioned experience of pain, rather than variables pertaining to pain perception and
the brain. However, a brief synopsis of the pain’s relation to brain behavior is warranted.
Noxious stimuli are “damaging or potentially damaging stimuli including extremes of
temperature, mechanical stimulation, and allogens that provoke an avoidance response”
(Dubin & Patapoutian, 2010, p. 3761). Nociception is “the neural process of encoding and
processing noxious stimuli” (Dubin & Patapoutian, 2010, p. 3761), and refers to the
“peripheral and central nervous system (CNS) processing of information about the internal
or external environment, as generated by the activation of nociceptors” (Recognition and
Alleviation of Pain in Laboratory Animals, 2009, p. 33). In other words, nociception is the
action of chemical signals moving from the point of contact with the noxious stimulus to
specific brain regions; in contrast, pain is an individual’s sensory and/or emotional
experience of the event.
Noxious stimuli activate nociceptors (Recognition and Alleviation of Pain in
Laboratory Animals, 2009), or neurons that respond to noxious or potentially noxious
stimuli (Dubin & Patapoutian, 2010). Nociceptors send information to the spinal cord or
nucleus caudalis, then to the brainstem and cerebral cortex, leading to perception of pain
(Recognition and Alleviation of Pain in Laboratory Animals, 2009). Nociceptors respond
to intensities of noxious stimuli and may be activated when exposed to stimuli such as heat
(Dubin & Patapoutian, 2010). For example, while cooking, an individual might contact a
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hot stovetop and almost immediately remove their hand before actually experiencing the
sensory pain caused by extreme heat. It is important to note that nociception and pain are
not synonymous; nociception can happen even when a person is not in pain (Recognition
and Alleviation of Pain in Laboratory Animals, 2009). Consider individuals who may not
experience pain during extremely stressful events (e.g., shark bite, car accident) although
they have sustained injuries. Further, pain can be experienced without nociception, such as
in the case of an individual experiencing a stomachache preceding an important event (e.g.,
a test, a performance, etc.). This distinction is relevant in the present paper because
behavioral research on pain attempts to examine pain mechanisms; specifically, some
studies have involved observation of reflex responses or another specific behavior such as
lever pressing to escape noxious stimuli (Recognition and Alleviation of Pain in
Laboratory Animals, 2009).
Brain Imaging and Intensity. Studies relating brain behavior with pain
experience have provided useful information for future assessment, measurement, and
treatment of pain. Past studies, such as those reviewed by Apkarian (1995) suggested that
brain imaging technology has often been used to study headaches or experimental pain
states. Clinical pain (i.e., pain in actual patients) imaging studies then demonstrated
different brain activity in clinical pain states, and Apkarian (1995) noted that different
types of pain might be detected by brain imaging tests.
Wager et al. (2013) were the first to measure and predict intensity of pain using
functional magnetic resonance imaging (fMRI) in individuals. In a series of four
experiments in which they stimulated 114 participants with varying intensities of thermal
stimuli, Wager et al. were able to identify “neurologic signatures” in fMRI brain activity
which allowed them to predict individual pain reports with 95% accuracy (p. 1390). Wager
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et al. demonstrated differences between painful heat and other sensations: benign warmth,
anticipation of pain, and recall of pain (see Experiments 1 and 2). Social pain resulting
from viewing pictures of ex-partners did not result in identical signatures to physical pain
(see Experiment 3, Wager et al., 2013). Interestingly, however, Jaillard and Ropper (2013)
suggested that analgesic agents can mitigate physical and social pain similarly, suggesting
the connection of the two types in somatosensory perception. Wager et al. (2013) also
mentioned that the neurologic signature found in their experimental arrangement may not
match brain activity that occurs in clinical settings and populations. Overall, Wager et al.
(2013) contributed to the study of pain and medicine in general by developing a method to
quantify and objectively study pain (Jaillard & Ropper, 2013).
In a study conducted in 2016, Tu and colleagues examined intensity and
nociception in 128 healthy adults. The authors set out to record brain activity (from fMRI
or EEG) indicative of perceived pain intensity before and after laser-induced painful
stimulation. The authors did not specify the bodily location of stimulation. The laser
(“nociceptive-specific, radiant-heat stimuli;” Tu et al., 2016, p. 2) stimulated participants
using four different intensities, with 10 presentations at each intensity, resulting in 40 total
presentations. Participants experienced 10- to 15-s interstimulus intervals. Participants used
a visual analog scale (VAS) to rate pain intensity from 0 to 10 (i.e., 0 = “no pain,” <5 =
“heat pain,” ≥5 = “acute pain,” 10 = “pain as bad as it could be,” p. 2). Throughout each
trial, electroencephalogram (EEG) data were collected for 96 participants. The
experimenters implemented the same procedures with 32 participants in a follow-up
experiment, using a longer interstimulus interval and collecting fMRI data rather than EEG
data.
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Tu et al. (2016) conducted three steps for pain decoding the fMRI and EEG data.
The first step was pre-processing, during which the time-frequency (EEG) or whole-brain
spatial data (fMRI) were pruned to remove extraneous information. Machine learning was
used for the second and third steps. The second step was feature extraction and selection,
during which programs identified "pain-related features” yielded by the neuroimaging data
(Tu et al., 2016, p. 3). Third, the extracted data were used to develop predictive models
relating pain perception to brain activity patterns. In the prediction phase, two models were
used to predict intensity during each individual trial. The first model involved
classification, or qualitative prediction and classification into one of two levels: “low pain:
VAS < 5; high pain: VAS ≥ 5” (Tu et al., 2016, p. 5). The second model involved
regression, or quantitative prediction on a scale from 0 to 10.
Data analysis occurred for 91 of 96 participants in the EEG study, and for 30 of 32
participants in the fMRI study (Tu et al., 2016). The seven participants who were excluded
from data analysis were excluded because they did not report variably when presented with
different stimulus intensities. Analyses of subjective pain intensity reports from the
remaining participants revealed that they all experienced “clear pinprick sensation” (Tu et
al., 2016, p. 6) and as a whole reported the four different intensities as being comparatively
more or less intense, matching the ratings expected by the experimenters. This suggests
that individuals can correctly report varying intensity levels when compared with other
lesser or more intense stimulation. Importantly, Tu and colleagues’ study incorporated preand post-measures of brain activity, and when compared with post-measures alone, found
that the accuracy of predictive models of pain was higher when both measures were
conducted. Despite these important findings relevant to trial-by-trial prediction of pain
intensity perceived, Tu et al. did not examine between-subject differences in perception
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and brain activity. Future research should also evaluate these methods in actual patients in
clinical settings—the authors highlighted the value of these procedures in detecting
deficient nociceptors and predicting idiosyncratic pain perception (Tu et al., 2016).
Perception and Behavioral Responses to Pain. May et al. (2017) similarly
examined laser-induced pain, but their experiment was conducted to test the hypothesis
that rather than perception producing overt pain responses, pain responses might actually
influence pain perception. To analyze the relationship between perception, stimuli, and
behavioral responses, 55 adult participants were stimulated by a pain-inducing laser-heat
stimulus that selectively activated nociceptive afferents but did not activate tactile fibers in
the pain condition, and also encountered non-painful touch which consisted of punctate
tactile stimuli. During phases in which painful stimulation was administered, the site of
administration was slightly altered during each subsequent trial. Both pain and non-pain
stimulation occurred at three levels of intensity: low, medium, and high. Low, medium,
and high ratings were individually determined to approximate idiosyncratic ratings of “30,”
“50,” and “70” on a numerical rating scale from 0 to 100, with 0 being no pain and 100
being the maximum tolerable amount of pain possible. The highest possible intensities
were fixed at 600 mJ for pain and 512 mN for touch (May et al., 2017).
The dependent variables in the study by May and colleagues (2017) were button
release and a rating of noxious or tactile stimuli on the aforementioned rating scale. Button
release measured reaction time and therefore behavioral responses, while the rating
measured perception. For the button release response, participants were asked to release the
button using the stimulated hand as quickly as possible. The experimenters specified that
the two responses (i.e., button release and rating) were equally important to the study.
Participants’ eyes were closed throughout the experiment. Pain and touch trials were
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delivered in separate blocks, with 17 trials of each low, medium, and high intensities
delivered per block. The same intensity was never delivered more than twice
consecutively. Interstimulus intervals were between 8 and 12 s. Block order (i.e., whether
pain or touch was experienced first) was counterbalanced across participants (May et al.,
2017).
Upon completion of the experimental blocks, the experimenters analyzed the
relationships between the behavioral responses (i.e., reaction time), the measure of
perception (i.e., rating), and stimulus intensity (May et al., 2017). Mediation analyses and a
second experiment intended to replicate the first led the experimenters to conclude that
behavioral responses shape perception, especially for noxious (i.e., painful) stimuli.
Additional findings demonstrated that when the experimenters increased the intensity of
stimulation, participants displayed shorter reaction times and higher numerical ratings.
Following the last experimental block, participants were asked to use a VAS to rate
stimulus intensity, unpleasantness, and salience of the noxious and tactile stimuli on the
following continua: not intense to highly intense, not unpleasant to highly unpleasant, and
not salient to highly salient, respectively. As expected, pain was rated as more severe than
touch in all categories. Participants did not feel that either touch or pain blocks were more
preferred or difficult than the other. Overall, this study provides information on the
interaction between perception and behavior; the authors suggested that the two
consistently interact (May et al., 2017).
Future studies may benefit from imitating May et al. (2017) in assigning a
maximum possible intensity of stimulation, to avoid inflicting harm on any participant.
Future studies may also benefit from assigning particular numerical equivalents to assumed
intensity on stimulation trials as May et al. (2017) did. However, one possible adjustment
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future researchers may want to test would be preassigning numerical values to
predetermined intensity levels; for instance, researchers could select a level of stimulation
produced by a machine and assign that level a numerical value comparative to other levels
produced by that machine. While allowing individuals to select and describe their own
ratings on a scale from 0 to 100 (e.g., Fillingim, 2017; May et al., 2017) seems clinically
practical, it may prove difficult to objectively measure phenomena such as perception (i.e.,
May et al., 2017) using an idiosyncratic rating system that relies on participant histories.
Brain Activity and Tactile Perception. Tactile perception is important when
considering the interplay between perception and overt responses, as well, and may play an
important role in pain perception. Yoshioka et al. (2001) studied brain activity related to
perception of rough textures; they were curious as to whether spacing of grooves and
ridges on a textured surface would affect brain receptor responses. The participants were
10 adult humans and four macaque monkeys who were sedated and anesthetized. The
experimenters used the surface of drums that included triangular and trapezoidal gratings,
as well as a smooth pattern, with both the humans and the macaques. In total, there were 21
surfaces: one smooth, eight triangular, and 12 trapezoidal. The skin of the humans and
monkeys only contacted the ridges, and not the grooves. Throughout both studies, the force
of bodily contact with the drum remained similar during each trial, but the pattern that
contacted the participants’ fingers differed randomly.
In the study with humans, the participants were unable to visually observe the
drum as it was mounted and positioned behind a screen (Yoshioka et al., 2001).
Participants were asked to insert their hand through a screen, put their wrist on a plate, and
rest their index finger on the drum; between trials, the stimulated finger was lifted. In the
study with monkeys, participants were placed on a table. First, experimenters mapped the
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receptive fields to include neurons firing from the pads of the monkey’s hand (e.g., digital
pads, palmar pads). Following receptive field mapping, experimenters placed the drum on
the receptive field and turned it to create movement between the skin and the stimuli.
The dependent variables in the study conducted by Yoshioka et al. (2001) were
psychophysical measures in the human participants and neurophysiological measures in the
monkeys. The psychophysical measure was a verbal report in the form of a numerical
rating; experimenters did not define roughness for participants. Participants were expected
to draw from personal experience to verbally report “how rough each surface felt with a
number proportional to the strength of their perception of roughness” (Yoshioka et al.,
2001, p. 6906). The human participants responded during five opportunities per surface
type.
Subjective reports provided by the humans were normalized before analysis, since
participants had selected their own numerical scales (Yoshioka et al., 2001). Findings from
the psychophysical data analysis revealed results similar to past research. The ratings were
primarily affected by groove width, and secondarily by ridge width; groove width is more
important when considering fine gratings, while groove and ridge width are almost equally
important when considering coarser textures. The experimenters suggested that roughness
judgments could be predicted based on their findings. The neurophysiological data
demonstrated that all afferent (sensory neuron) types responded to all gratings, and that the
neural mechanism underlying roughness perception of fine and coarse textures is the same.
Perception and rating of tactile stimuli may depend on spacing as well as the height of
grooves, dots, or other tactile stimuli (Yoshioka et al., 2001). This study provided an
example of measurement of tactile perception in humans, and suggested that tactile
perception of fine and coarse rough stimuli can be compared.

TACTING INTENSITY

20

Pain Classification
Beyond behavioral and brain mechanisms involved with pain, it is important to
consider classifications involved with measurement of pain for clinical treatment. Pain is
classified in terms of physiology, intensity, temporal features, affected tissue, and
condition (“Pain Management,” 2010). Some common ways to classify pain are described
below.
Physiology. Physiological classification may be nociceptive (see above),
neuropathic, or inflammatory (“Pain Management,” 2010). Examples of nociceptive pain
include somatic (i.e., tissue, skin, or muscle; Cervero, 2009) and visceral (i.e., internal
organ; Cervero, 2009) pain (“Pain Management,” 2010). Examples of neuropathic pain
include paresthesia (i.e., tingling) and numbness, and can result from conditions such as
injury, diabetes, stroke, and so on. Inflammatory pain results from activation of nociceptors
due to localized tissue inflammation (“Pain Management,” 2010).
Intensity. Rating of intensity is often conducted using a numeric pain scale from 0
to 10, and involves ratings in the mild range (≤4), the moderate range (5-6), and the
severe/high range (≥7; “Pain Management,” 2010).
Time Course. Pain classification by duration distinguishes acute pain from
chronic pain (“Pain Management,” 2010). Acute pain is that which occurs for fewer than 36 months, while chronic pain lasts longer than acute pain or persists beyond physical
healing (also, see Craig, 1984). Acute and chronic pain may cooccur. Craig (1984)
described acute pain as temporary; acute pain decreases when the injury begins to heal.
Chronic pain could indicate a “persistent or progressive disease or a condition that has
neither real nor impending tissue damage” (Craig, 1984, p. 838).
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Affected Tissue. Various parts of the body may be affected by pain, including but
not limited to muscles, skin, and joints (“Pain Management,” 2010).
Condition. Different conditions may cause pain, such as migraine, cancer,
arthritis, Lyme disease, fibromyalgia, and many more (“Pain Management,” 2010).
Other. Other idiosyncratic variables such as age (Fillingim, 2017), gender
(Fillingim, 2017), culture (Craig, 1984), and psychological state (e.g., depression; Craig,
1984) may influence pain perception and experience.

[II] Measurement of Pain
Measurement Versus Assessment
While it is important that clinicians and physicians classify pain based on the
above variables (e.g., condition), momentary measurement of pain-related qualities such as
intensity is often crucial. According to O’Rourke (2004), measurement is “assignment of a
number or value and is commonly associated with the dimension of pain intensity,” while
assessment or evaluation is a “more complex process in which information about pain, its
meaning, and its effect on the person is considered” (O’Rourke, 2004, p. 563). In keeping
with this distinction, the present paper is solely concerned with the measurement aspect of
pain, one component of assessment that might be conducted by a doctor or other healthcare
professional. Some qualities that can be measured include intensity, affect, location, and
quality (e.g., sharp, radiating; see the Pain Quality Assessment Scale; Jensen et al., 2010).

Measurement Methods
Methods to measure pain include self-report, behavioral, physiological, or a
composite including multiple types of measures (O’Rourke, 2004). O’Rourke conducted a
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systematic review of 18 pain measurement scales for infants and children. She found that
17 of the scales measured acute pain; in some cases, this included measurement of
recurrent and chronic pain, but only one scale measured chronic pain alone. Seventeen of
the scales measured pain intensity; in some cases, this included measurement of location,
quality, or affect, but only one scale measured affect alone. Of the 18 scales, 11 involved
self-report, five were behavioral, and two were composite measures. Health care
professionals and parents could administer 11 of the scales, parents, caregivers, and health
care professionals could administer one scale, and health care professionals alone could
administer six of the scales (O’Rourke, 2004). Overall, the majority of reviewed pain
scales rated acute pain using a measure of intensity, suggesting the importance of
measurement of intensity of pain.
Behavioral Measures. There are several behavioral measures of pain that are
typically used with children who cannot vocally communicate pain (O’Rourke, 2004). For
instance, one can observe crying or other facial expressions, postural changes, and changes
in daily routines. However, O’Rourke (2004) noted, crying may not be the most accurate
pain identifier as babies cry when generally distressed, but other behavioral measures (e.g.,
facial expressions, postures, and movements) do accurately indicate infant pain. An
example of a behavioral tool is the Non-communicating Children’s Pain Checklist-Revised
(NCCPC-R; Breau et al., & 2002). The NCCPC-R is an appropriate tool for children with
developmental disabilities such as ASD.
Shown in Figure 1, the NCCPC-R requires an observer to score items based on a
2-hr observation (Breau et al., 2002). The checklist instructs the observer to score
behaviors in the following categories: vocal (e.g., screaming), social (e.g., withdrawal from
others, seeking comfort), facial (e.g., furrowed brows, clenched teeth), activity (e.g.,
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fidgeting), body and limbs (e.g., gesturing to hurt area, flinching), physiological (e.g.,
shivering, sweating, gasping), and eating/sleeping (e.g., changes in either; these items are
scored based on the full day, not only the observation period). Each category contains
several items that should be scored on a scale of 0 to 3, with 0 indicating that the responses
listed in the item were not present at all during the observation period and 3 indicating that
the responses were seen or heard often or almost continuously. Breau et al. found that the
NCCPC-R had sound psychometric properties based on use with 71 children with
cognitive impairments aged 3 to 18. Based on use with this population, the authors
determined that children scoring 7 or higher had pain, while children scoring 6 or below
did not have pain (Breau et al., 2002). The Non-Communicating Adults Pain Checklist is
an example of a similar behavioral measure that can be used with adults with intellectual
and developmental disabilities (IDD; Meir et al., 2012).
Physiological Measures. Healthcare professionals can also use physiological
measures to measure pain in individuals who may not be able to communicate pain
vocally. For instance, O’Rourke (2004) discussed changes in heart rate, blood pressure,
respiration rate, oxygen saturation rate, palmar sweating, neuroendocrine responses (e.g.,
cortisol level), and breathing patterns as physiological responses that may change when an
individual is in pain. However, considering the influence of age and health on
physiological responses as well as the fact that pain is not the only stressor that can affect
these responses, it is difficult to use changes in these biological responses as accurate pain
indices (O’Rourke, 2004). Additionally, when an individual experiences chronic pain,
physiological responses may cease over time—thus, physiological responses may be more
informative when assessing acute pain (O’Rourke, 2004). Overall, it seems most beneficial
to combine physiological measures with other measures.
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Composite Measures. Composite measures refer to some combination of
physiological, behavioral, and self-report measures (O’Rourke, 2004). One example of a
composite measure is the Preverbal, Early Verbal Pediatric Pain Scale (PEPPS; Schultz et
al., 1999). The PEPPS contains seven categories and a weighted scoring system. Six of the
measures are behavioral: facial, cry (audible/visible), consolability/state of restfulness,
body posture, sociability, and sucking/feeding. The PEPPS also includes the physiological
measure of heart rate, but excludes additional physiological measures such as blood
pressure measurement that could cause children stress and confound measurement of pain
alone. Forty children between 12 and 24 months old and in the postoperative phase
participated in the testing of the PEPPS. Four nurses observed and scored 2- to 3-min video
samples of the children; videos were recorded before and after administration of a pain
medication, but nurses were unaware whether they were observing a “before” or “after”
video. The nurses’ scores demonstrated strong interrater and intrarater reliability (Schultz
et al., 1999).
Self-Report. Self-report has long been considered the most valid measure of pain
in children (O’Rourke, 2004). Self-report is a subjective measure of pain (von Baeyer,
2006). O’Rourke (2004) conducted a review of pediatric pain measures, including selfreport. O’Rourke stated that vocal self-report measures could consist of “structured
interviews, questionnaires, self-rating scales, and pain adjective descriptors” and non-vocal
self-report measures could include “facial expression scales, visual analog scales (VASs),
and drawings” (McGrath & Gillespie, 2001; McGrath & Unruh, 1999; O’Rourke, 2004, p.
563). O’Rourke (2004) also described the developmental progression of pain report, noting
the potential for idiosyncrasies. Specifically, O’Rourke (2004) synthesized information
from various articles stating that at age 2, children state the presence of pain and describe
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its location, then children develop the ability to report pain intensity as well as the requisite
cognitive skills around age 3 or 4. Generally, children can use a basic 3-level scale of
intensity at age 3, including options such as “no pain” or “a lot of pain,” while children can
use a 4- or 5-level scale at age 4 (Champion et al., 1998; Hicks et al., 2001; Hunter et al.,
2000; Goodenough et al., 1997). However, O’Rourke (2004) highlighted the fact that a
child’s repertoire should be assessed to confirm the following skills prior to use of any
intensity scale: quantification, classification, and matching (Champion et al., 1998).
O’Rourke (2004) noted that certain self-report scales are ideal for use with young
children, such as facial expression scales. Facial expression scales often display levels in
terms of facial expressions recognized by children and provide opportunities to rate
intensity, by pointing to the one that shows how much pain they have, and/or affect, by
pointing to the one that shows what they are feeling. O’Rourke (2004) also suggested use
of the Hester Poker Chip Tool (Hester et al., 1990), which will be described in more detail
below. Non-vocal measurement tools may be appropriate self-report tools for individuals
who have difficulty communicating or for very young children.

Self-Report Scales
As mentioned above, there are several different types of self-report scales. A few
examples are numerical rating scales (NRS), visual analog scales (VAS), and pictorial
scales (e.g., Faces Pain Scale-Revised [FPS-R; Hicks et al., 2001]; The Oucher [Beyer et
al., 2009]).
Pieces of Hurt (Hester Poker Chip Tool). The Pieces of Hurt Tool, also known
as the Hester Poker Chip Tool, involves quantifying pain using red chips (Hester et al.,
1990). Each poker chip represents a small portion of pain; a single chip is thought of as “a
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little bit of hurt” and all four chips are thought of as “the most hurt a child could have”
(Hester et al., 1990, p. 80). Hester et al. (1990) evaluated the Poker Chip Tool with 41
children between ages 5 and 13 (M = 9.4), as well as their parents and nurses. The
experimenters obtained independent pain intensity ratings from each child, their parent,
and their nurse. The experimenters asked the nurses to refrain from using numerical rating
as an assessment tool before rating each child’s pain, so that the children would not have
been exposed to a rating scale prior to assigning their own rating. Administration of the
Poker Chip Tool involved giving the following instructions to each individual rating the
child’s pain: “These are pieces of hurt. One is a little bit of hurt and four is the most hurt
you can have” (Hester et al., 1990, p. 82). The experimenters asked the children to pick up
or point to the number of chips that represented their pain intensities, and they asked the
parents and nurses to circle their ratings on a form. The authors determined that the Poker
Chip Tool demonstrated convergent validity; one specific result indicated low variance
between the three raters, suggesting accuracy of the children’s ratings using the tool.
Overall, the experimenters determined the Poker Chip Tool to be adequate for clinical use
but noted the necessity for additional research on self-report pain measures.
The Oucher. The Oucher consists of a numerical and a photographic pain scale
(Beyer et al., 2009). Only one of the two scales should be administered when assessing a
child’s pain. The numerical version is a scale from 0 to 100, and the photographic scale is
vertically oriented and includes six pictures representing values 0, 2, 4, 6, 8, and 10. Five
versions of the photographic scale have been validated, each representing a different ethnic
group. Three versions of the photographic scale can be found in Figure 2. The Oucher is
appropriate for use with children functioning at a cognitive level between age 3 and 12 and
can be administered by medical professionals, parents, teachers, or other individuals who
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work with children. Ideally, the child should use their arm to indicate which picture
represents their pain level, but if that is not possible, an adult proxy can point to the
pictures while the child closes their eyes, nods their head, or responds vocally. Beyer and
colleagues recommend an introduction to the Oucher before the pain event occurs, if
possible. The implementer should ensure that the child understands the concept of pain or
hurt, and the implementer should indicate the meaning of each picture on the Oucher
poster (e.g., “no hurt,” “the biggest hurt you could ever have,” Beyer et al., 2009, p. 4). If
the child is using the 11- or 101-point numerical scale, the implementer should explain the
meaning of each range of scores (e.g., “0-29=little hurts, 30-69=middle hurts, 70-99=big
hurts, 100=the biggest hurt you could ever have,” Beyer et al., 2009, p. 4). Then, the child
should be provided with opportunities to describe past pain events and indicate the amount
of pain experienced during those pain events. To increase the accuracy of the Oucher, it
should be administered within a composite measure and children should also be asked
where the pain is felt. Overall advantages of the Oucher include its ease and effectiveness
with children, and its detail and color; it is also more objective than a verbal description of
pain by a child and can be used for a broad age range (Beyer et al., 2009).
Faces Pain Scale-Revised. The FPS-R (Hicks et al., 2001), shown in Figure 3,
involves six facial line drawings that are intended to display different levels of pain,
horizontally oriented and ranging from a face that shows no pain to a face that shows a lot
of pain. In Study 1, Hicks et al. (2001) created a revised edition of the original Faces Pain
Scale (FPS; Bieri et al., 1990) that included the following numerical intensities of pain: 0,
2, 4, 6, 8, and 10. Hicks et al. (2001) selected the six faces to be used in the updated scale
by using a computer program to identify the four expressions that represented equal
intervals between the least and most possible pain. Decreasing from seven (as in the
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original FPS) to six points on the scale allowed the scale to be used within the commonly
used ranges of 0 to 5 or 0 to 10. One advantage of the original FPS that was maintained in
the FPS-R was the lack of smiling or tears displayed in the line drawings; affective features
included on a scale could confound intensity ratings. The FPS-R is administered by
explaining the scale to the child; “’These faces show how much something can hurt. This
face [point to left-most face] shows no pain. The faces show more and more pain [point to
each from left to right] up to this one [point to right-most face] – it shows very much pain.
Point to the face that shows how much you hurt [right now]’” (Hicks et al., 2001, p. 176).
In Study 2, Hicks et al. validated the FPS-R with children ages 5 through 12 who got their
ears pierced, finding a strong correlation with the VAS. In study 3, Hicks et al. validated
the FPS-R with children experiencing both surgical and non-surgical pain in a clinical
setting. Hicks et al. (2001) found that child patients could use the FPS-R, the FPS-R was
again correlated with the VAS, and it was effective in measuring clinical pain in patients
aged 4 to 12.
Visual Analog Scale. The VAS is a tool used for self-report of pain intensity. It
involves a 100-mm horizontal line without any supplementary visual stimuli (Shields et al.,
2003). Users are expected to rate pain intensity by making a vertical mark on the line
indicating the amount of pain felt. Shields et al. (2003) attempted to validate the VAS for
use with children; they found that the VAS may not be an appropriate scale for young
children age 5 to 10, but may be used with children age 11 to 14. Specifically, Shields et al.
(2003) found that, when divided into three groups (ages 5 to 7, 8 to 10, and 11 to 14), age
did not have a significant effect on correctly marking the VAS, but older children
understood the concept of and used the VAS more accurately.
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Verbal Categorical Rating Scale. The verbal categorical rating scale (VRS)
typically consists of four points: no pain, mild pain, moderate pain, and severe pain
(Breivik et al., 2008), although variations of the scale may include additional points (e.g.,
Bech et al., 2015). The VRS may be less accurate or comprehensible than the VAS or
NRS, according to Breivik et al. (2008). The VRS may be used for initial screening but
should not be used for detailed assessment (Breivik et al., 2008). However, Bech et al.
(2015) demonstrated that the VRS may be more appropriate for certain populations, such
as older-adult patients.
Numerical Rating Scale. Despite a dearth of supporting evidence, its subjective
nature, and its disposition to cognitive, social, and contextual biases, the NRS is the most
frequently used pain intensity scale (von Baeyer, 2009). According to Miró et al. (2009),
when using an NRS with the pediatric population, a clinician will typically ask a child to
rate their own pain on an 11-point (0 to 10) or 101-point (0 to 100) scale, in which the
lower anchor (0) indicates no pain while the upper anchor (10 or 100) indicates the highest
intensity pain the child could experience (Miró et al., 2009; p. 1090).
In a two-experiment study, Miró et al. (2009) used the 11-point scale, providing
the child participants with the following instructions: “On a scale from 0 to 10, where 0
means ‘no pain’ and 10 means ‘very much pain’, [sic] tell me what number best represents
the greatest pain you have had in the last three months” (p. 1090). The 175 children who
participated in Experiment 1 were between ages 8 and 12 and had all experienced some
type of pain during the previous three months. The children were all briefly interviewed
after consenting to participate. The interview consisted of demographic questions, followed
by questions about whether they had experienced pain in the past three months, what pain
they had experienced most often, what their highest level of pain was, and finally, which
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intensity scale they preferred to use (p. 1090). Specifically, the participants rated intensity
on the 11-point NRS as well as the FPS-R (Hicks et al., 2001); the experimenters
counterbalanced presentation of the two scales (Miró et al., 2009). Statistical analyses
indicated correlation between the NRS and the FPS-R, higher mean scores produced by the
NRS, and child preference for the FPS-R (Miró et al., 2009).
In Experiment 2, Miró et al. (2009) recruited 63 surgical pediatric patients between
ages 6 and 16 who were experiencing pain. It is important to note that only eight patients
were age 6. Replicating the procedures from Experiment 1, participants were interviewed
one week before surgery, one week after surgery, and by phone one month after surgery.
The experimenters did not counterbalance presentation of the two scales in Experiment 2.
Again, statistical analyses found strong correlation between the NRS and the FPS-R, but
during this experiment, the mean difference between the two scales was not significantly
different. Overall, both experiments supported the validity of the NRS as an intensity rating
tool that is easily implemented and in at least some age groups, easily understood.
Interestingly, the authors suggested that in future extensions of their research, children
should self-administer the NRS by keeping daily, written pain diaries (Miró et al., 2009).
Beyond correlation with other pain scales, other advantages of the NRS include its
ease and speed of administration (von Baeyer, 2009; Miró et al., 2009) and that no
materials are required (von Baeyer, 2009; Miró et al., 2009). Therefore, the NRS is
inexpensive, does not require storage or distribution, and cannot lead to the spread of
infection in a medical setting (von Baeyer, 2009). Additionally, the NRS can be very
informative when used repeatedly with the same pediatric patient throughout time (von
Baeyer, 2009). The NRS also does not require “clear vision” or “dexterity,” and can be
administered over the phone or computer (Breivik et al., 2008, p. 18).
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However, the NRS is not useful in comparing pain intensity ratings across patients,
as individuals may understand the scale and anchors idiosyncratically (von Baeyer, 2009).
von Baeyer conducted a survey among clinicians to assess how they use the NRS (see
Figure 4), finding that there are several ambiguities in the NRS. First, there are no
prescribed instructions on how the NRS should be given; clinicians vary vocabulary in the
instruction as well as in how they discuss the upper anchor (i.e., how they define “10” to
the child). Second, the meaning of the upper anchor is unclear; highly differing anchors
may be used by different clinicians with different children with the assumption that they all
mean the same thing: a “10” in pain intensity. In reality, delivery, complexity, abstractness,
and interpretation vary. von Baeyer provided an interesting example to illustrate the effects
of this ambiguity by describing a conversation between a young girl and her mother.
Throughout the conversation, the girl changed (specifically, decreased) her pain report
number as her mother progressively intensified her description of the upper anchor,
varying between “most pain or achiness” to “worst pain you have ever had,” and finally to
“ripped off by an elephant while being hit by a truck and struck by lightning” (p. 1006).
von Baeyer noted that at the time of publication no research backed the use of certain
anchors with pediatric patients.
A third concern von Baeyer (2009) reported was that the ideal age for children to
use the NRS is unknown, and additional research is needed in this area. Prerequisite skills
include rote counting up to 10 and quantity estimation—von Baeyer suggested that further
research should involve teaching children of different ages (e.g., 5 to 11) to estimate nonpain related quantities and identify the age at which this skill develops. Specifically, it is
thought (and shown in the survey results) that most clinicians use the NRS with children
who are at least age 8 or 9. According to von Baeyer, the fourth and final area of ambiguity
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in NRS administration is determining whether a child is an appropriate candidate for the
tool (i.e., screening). With young children, a doctor may dismiss very high ratings,
assuming that they are inflated due to lack of understanding of the scale. Castarlenas et al.
(2017) conducted a literature review including 16 articles. The authors concluded that the
NRS is reliable and valid but concurred with von Baeyer’s (2009) position of uncertainty
about certain aspects of administering the NRS in isolation. Until screening measures are
available, composite measures including contextual and behavioral measures remain
necessary (von Baeyer, 2009).

Screening
If self-report is considered the ideal measure of pain, it is important to know which
children will be more successful using self-report measures. It is possible that screening
tests exist that would help parents and medical practitioners identify whether a child can
use certain self-report measures. For example, von Baeyer et al. (2011) reviewed screening
measures that have been conducted for self-report pain measures in general (Besenski et
al., 2007), for the Oucher (Villaruel & Denyes, 1991), and for the NRS (Fanurik et al.,
1998). Besenski et al. (2007) determined that screening tasks should test children in the
following areas: (a) listener skills and symbolic thinking, (b) matching, (c) seriation, (d)
quantity estimation, (e) pain perception and localization, (f) social skills. Besenski and
colleagues recommended that screening tools be appropriate for use across cultures and
could include a training component.
von Baeyer et al. (2011) also noted that although Villarruel and Denyes (1991)
suggested that kids who could complete a seriation task accurately could also sequence the
faces shown in the Oucher, the relation between correctly sequencing the Oucher and
accurately reporting actual pain is unclear. Importantly, the Oucher user manual contains
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recommended prerequisites and instructions for implementation of a seriation task prior to
using the scale (Beyer et al., 2009). Specifically, Beyer et al. recommend using the
numerical version of the Oucher if the child counts to 100 and can identify the larger of
two numbers. Beyer et al. recommend the photographic version of the Oucher if the child
cannot complete either of the aforementioned prerequisites or if they prefer to use the
photographic scale. The seriation task is intended to screen kids for use of the Oucher and
involves asking the child to sequence several figures identical in shape (e.g., triangles or
circles) and color by size in a line from biggest to smallest. This seriation task as well as
parent recommendation should determine the ability of a child to accurately use the Oucher
(Beyer et al., 2009). Hicks et al. (2001) also suggested that children could be informally
screened for their ability to use the FPS-R by being provided with examples of pain events
and being asked to rate the events.
von Baeyer et al.’s (2011) study extended past research by attempting to screen
kids for use of the FPS-R. von Baeyer et al. hypothesized that children with better
screening-task performance would have actual pain ratings that corresponded with the
following: (a) expected ratings after medical procedures or painkiller administration, (b)
parent reports of expected pain ratings, and (c) parent predictions of ability to use the FPSR. The experimenters recruited 108 child participants, none of whom were diagnosed with
developmental disabilities. The experimenters administered four tasks and the screening
process took approximately 15 to 20 min per child. The children earned points based on
performance on the tasks, which were equated to their overall performance scores on the
screening tasks.
The first task von Baeyer et al. (2011) administered was called the “cup task” (p.
1328) and required estimation of the magnitude of three cups that were identical except for
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size. The participants were given an instruction to select the middle-sized cup when the
cups were placed face down. The second task was called the “storybook task” (p. 1328)
and required the children to use the FPS-R to rate the pain of animals in vignettes. The
third task was called the “reverse task” (p. 1328) and was essentially the opposite of the
storybook task; the participants were given a face from the FPS-R and asked to match it to
the animal that was hurting the depicted amount. The fourth task was the “Charleston
Pediatric Pain Pictures (CPPP) task” (p. 1328). The experimenters provided the children
with nine of the CPPP’s 17 cartoons, each of which depicted a familiar scenario that might
occur in an environment such as the home, play area, or doctor’s office. The gender-neutral
cartoon characters did not display facial expressions and were engaged in either a painful
or non-painful activity in each picture. The experimenters provided a description of each
picture; in the description, the participant was substituted for the child in the picture and
selected an FPS-R score accordingly.
To assess each child’s ability to use the FPS-R, von Baeyer et al. (2011) collected
the following parent responses for comparison: (a) how old a child should be to understand
and accurately use the FPS-R, (b) on a Likert scale of 0 to 10, how likely it was that their
own child could use the FPS-R, (c) observational ratings of their child’s pain at the same
time the child self-reported, and (d) pain diaries. The child participants’ use of the FPS-R
were evaluated by comparison to a hypothesized pain trajectory and parent scores. The
trajectory score involved seven predictive or comparative measures (e.g., “presurgery pain
2/10 or less;” “postsurgery pain greater than presurgery pain;” von Baeyer et al., 2011, p.
1329). Each child could earn up to 7 points total (1 point for each pain rating that matched
what was predicted at a specific stage of the surgical procedure). For example, a child
would be expected to have more pain after surgery than before surgery, and if the child’s
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rating corresponded to that prediction, 1 point was earned. For child-parent agreement, the
differences were examined at every experimental data collection time point.
von Baeyer et al.’s (2011) study was the first to replace hypothetical pain ratings
with clinical pain ratings in a screening assessment. Overall, von Baeyer et al. found a
statistically significant relationship between age and understanding and accurate use of the
scale. Although this finding indicates generally that older kids would be better at using the
scale, it does not preclude young kids from using the scale or prove that all older kids will
be able to accurately use the scale. The CPPP task outcomes correlated with age but not
with the outcome measures and took longer to administer. Interestingly, the authors
asserted that experiencing pain firsthand in a clinical setting might be vital to
comprehending pain scales and therefore accurately self-reporting. For younger children,
the authors suggested, it might be optimal to improve existing pain measures and then
teach the children to use the less complex, modified pain scales (e.g., fewer faces), rather
than attempting to screen and train for use of the more complex pain scales. Examples of
modified measures include composites of parent and child reports, either involving parent
and child collaboration or an average of independent scores. Alternatively, assessors could
change the pain assessment method entirely by preceding the assessment with a yes/no
question about whether the child is feeling pain at all, and if the answer is “yes,” assessors
could follow up with a simplified faces scale including only three levels of pain intensity
(von Baeyer et al., 2011). Emmott et al. (2017) evaluated this method in 3- to 6-year-old
children, finding that the binary self-report screening and simplified scales were beneficial
for children as young as 4 years old, but may not be appropriate for use with 3-year-old
children. Some of the recommendations by von Baeyer et al. (2011) may be pertinent to
children with developmental delays, as well; pain-scale self-report performance may be
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improved in this population if scales are simplified, screened for, and taught outside of the
clinical setting, possibly with non-painful stimuli.

Training
Shields et al. (2003) attempted to train children to use a self-report pain intensity
scale, in the process of comparing two teaching methods and assessing the validity of the
VAS. Shields et al. also hoped to improve children’s understanding and use of the VAS.
Participants included 106 patients between ages 5 and 14 who required stitches and would
be receiving lidocaine injections. The participants were split into two groups; 53
participants were taught to use the VAS using an older method and the other half of the
participants were taught to use the VAS using a newer method. For all participants, two
outcome measures were used: a 5-point Likert scale and the VAS. On the Likert scale, 1
indicated no pain and 5 indicated the most pain possible. The VAS used in this study was a
straight line the participants were asked to mark a vertical line on to indicate the amount of
pain they felt.
Each participant experienced two phases: the “anticipation” phase and the
“injection” phase (Shields et al., 2003). During the anticipation phase, the experimenter
asked the children to report how much pain they felt before the injection or stitches. During
the injection phase, the experimenter asked the children to report their pain level during the
lidocaine injection. Thus, the two groups experienced the same phases (anticipation;
injection) using the same outcome measures (Likert scale; VAS). However, the two groups
experienced different teaching methods (old; new). The old teaching method involved a
script used in past studies; the experimenter first asked each child to talk about past times
they had felt pain, and then asked what the child thought was the worst possible pain, and
finally, asked the child to mark their pain on the VAS. The experimenter described the
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VAS to each child as a scale ranging from no pain to what the child had described as their
opinion of the worst imaginable pain, including a middle amount of pain. The new method
and script were somewhat similar to the old method, with the addition of the experimenter
modeling the use of the VAS (i.e., marking the vertical line), as well as practice trials for
the children to use the VAS. With these differences, the new method resembled behavioral
skills training (BST; for example, see Miltenberger et al., 2004). Figure 5 contains the
script and procedures for the new method, as well as examples of the VAS (Shields et al.,
2003); future studies that involve teaching children to use pain scales might benefit from
incorporating similar scripts and teaching methods.
Shields et al. (2003) were not as concerned with identifying the pain levels the
children in their study were experiencing due to their injuries and medical procedures;
rather, the experimenters wanted to assess the utility of the VAS with children. Thus, they
employed a few measures to assess whether the VAS was understood by the children. One
was a calibration assessment in which children had to proportionally judge a circle and a
line. The second was whether the children were successful in simply making a mark on the
VAS; they were required to mark a vertical line either intersecting or near the VAS line.
The experimenters judged the vertical lines to be reasonable responses when they were not
on the ends of the lines or in the middle (i.e., the locations that were recently trained). The
third measure was the analysis of all the outcome measure data based on three categories:
(a) injection pain being greater than anticipation pain, (b) injection pain being equal to
anticipation pain, and (c) injection pain being less than anticipation pain. If both the Likert
scale ratings and VAS scores put the child’s pain in the same category (e.g., if a child
experienced equal pain [i.e., matching ratings] in both phases based on both outcome
measures), then the VAS would be considered an accurate pain intensity measure.
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Overall, Shields et al. (2003) found that participants who experienced the new
teaching method made more correct VAS markings in the anticipation phase but during the
injection phase, the teaching method did not make a significant difference in correct VAS
markings. Additionally, the teaching method did not affect understanding and use of the
VAS. However, fewer than 35% of either group of participants marked and understood the
VAS correctly. The VAS is a complex tool requiring the user to be capable of
quantification, qualification, linear translation of subjective experience, and abstract
thinking (Shields et al., 2003, p. 232). Thus, younger children may have difficulty using it
accurately, may not respond well to its specific visual features, or may only mark the ends
or the middle. These disadvantages diminish benefits of the VAS such as ease and speed of
use and continuity (Shields et al., 2003). These issues may be resolved by teaching kids to
use the NRS instead; no visuals are required, so the NRS does not require the user to have
a history of responding to certain visual stimuli. Overall, Shields et al. (2003) concluded
that the VAS is not appropriate for use by young kids and better understood measures
should be implemented.
One important limitation mentioned by Shields et al. (2003) was that they
conducted the study with participants who were already under stressful conditions (i.e.,
laceration and medical procedures). The authors noted that their updated teaching
procedures might have been more effective when conducted in a stress-free environment
(Shields et al., 2003). It is possible that establishing fluent performance (Johnson & Street,
2013, pp. 23-28) on a self-report scale outside of a medical setting and in non-pain
situations with non-painful stimuli may increase the likelihood of accurate use during
actual pain situations in stressful environments such as the doctor’s office or a hospital.
This is because when a skill is practiced to fluency, there are several possible outcomes.
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The word application could refer to applying a skill to a “real-world” situation, for
example. One goal of fluent performance, known as application, is being able to easily
perform a skill in novel, real-world situations (Johnson & Street, 2013, pp. 27-28). Another
goal is stability, which refers to performing the skill in the presence of distractions, such as
pain, in this case (Johnson & Street, 2013, pp. 27-28). A third goal is generativity, or using
the skill in novel ways, such as using a numerical rating scale to rate painful stimuli after
being trained with similar but non-painful stimuli (Johnson & Street, 2013, pp. 27-28).
Training children to use a more appropriate rating scale (e.g., an 11-point NRS) in nonclinical settings may lead to more accurate use of pain scales under stressful and painful
conditions in a medical setting.

[III] Intensity
Research and clinical methodology for teaching individuals with limited
communication skills to report the intensity of sensations is needed. According to Huguet
et al. (2010), intensity is one sensory dimension of the whole pain experience that can be
measured and assessed, especially for pain in young people. Medical professionals
frequently ask individuals to rate the intensity of pain or how much something hurts, and
intensity is also often used as the outcome measure when treating pain. For example, a
treatment might be considered effective if the individual’s reported intensity decreases
after administration. Measured pain intensity may provide useful information both in
situations when pain is unexpected and when it is expected (e.g., after a surgical procedure;
Huguet et al., 2010). The inability to accurately rate the intensity of pain may limit access
to social reinforcers (e.g., attention from family during painful experiences) or medical
care (e.g., adequate pain medication).
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As mentioned previously, pain intensity ratings have seldom been taught or
trained. It is challenging to create ethical, naturally occurring opportunities to teach an
individual to talk about the level of pain intensity they are experiencing. Past researchers
have captured these opportunities during painful, non-clinical procedures such as ear
piercings (e.g., Hicks et al., 2001) or painful, clinical procedures such as those experienced
by postoperative patients (e.g., Bech et al., 2015; Schultz et al., 1999). However, Shields et
al. (2003) stated that practice outside of the actual painful situation may promote accurate
responding during future pain events.
Although few researchers have attempted to teach individuals to report intensity,
some studies have examined how people discriminate different intensity levels. For
example, Ackerley et al. (2012) evaluated individuals’ perception of what they referred to
as a “touch blend:” wetness (p. 73). The wet stimuli consisted of moving tactile stimuli,
water, and fabric, and were kept at room temperature. Four different amounts of water
saturated the fabric to create four levels of wetness. The participants were stimulated on
eight different, flat bodily locations: the forehead, the side body, the forearm, the palm, the
collar, the shoulder, the back, the thigh, and the leg. During each trial, the participants used
a handheld, sliding, 101-point VAS to rate the wetness of the randomly presented stimuluswetness levels on the assigned body part. The experimenters found that individuals
discriminated between the levels of wetness, increasingly so at greater wetness levels,
while less wet stimuli were less discriminable. Further, the bodily location of stimulation
did not seem to impact the participants’ ability to discriminate between similar levels of
wetness (Ackerley et al., 2012). Individuals may also be able to discriminate similar levels
of intensity when rating other stimuli, such as roughness or level of tightness.
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Beyond measuring estimation, individuals could be directly taught to express the
intensity they feel in relation to non-painful, tactile stimuli. The intensity of non-painful
tactile stimuli could be measured and modulated; examples include teaching reports of
varying grit sizes of rough stimuli, different amounts of wetness (e.g., the stimuli used by
Ackerley et al., 2012), air pressure, or vibration strength. Studying the expression of
stimulus intensity relating to touch could provide a different, yet similar context for
studying pain through tactile perception. If training includes antecedent questions or
instructions similar to those that would occur in the medical setting (e.g., “How much
pressure do you feel?”) and occurs across a sufficient number of exemplars (Stokes &
Baer, 1977), it is possible that generalized responding to painful stimuli could occur.

[IV] Somesthesis, Tactile Perception, and Pain
The potential for generalization to occur from tactile stimuli to novel, painful
stimuli is supported by past research on cross-modal transfer. Cross-modal transfer refers
to transfer of learning from one sensory modality (e.g., the visual modality) to another
modality (e.g., the tactile modality; Bush, 1993). Past studies have demonstrated crossmodal transfer between tactile stimuli and stimuli from other modalities (e.g., Belanich &
Fields, 1999; Bush, 1993). Generalization of tacts from tactile to noxious stimuli is
possible, considering the relation between touch and pain.
Somesthesis refers to the body’s sensory systems that perceive stimuli such as
touch, pressure, temperature (thermoreception), pain, and itch (Hollins, 2010). Thus, touch
and pain perception are two submodalities of somesthesis. People can perceive various
features of tactile stimuli, such as spatial aspects (e.g., orientation of ridges and grooves on
a surface), vibrotactile stimuli, and texture. Texture refers to “any mechanical properties
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that influence the feel of a surface” such as roughness, hardness, slipperiness, and
stickiness (Hollins, 2010, p. 246). The level of roughness an individual may perceive can
be predicted.
In addition to roughness and vibrotaction, Hollins (2010) reviewed several studies
examining tactile localization, that is, where touch is perceived on the body. One study by
Cholewiak and Collins (2003) involved randomly activating a vibrator attached to different
locations on participants’ arms and asking them to identify the location of vibration. The
authors found that people better identified the location of vibrotactile stimulation when it
was near the elbow or wrist joint than when stimulation was in the middle of the forearm,
farther from those bodily landmarks (Cholewiak & Collins, 2003). Additionally,
Cholewiak et al. (2004) obtained similar results when vibrators placed around the waist
were activated at different locations, such as the navel and the spine. Further, Hollins
(2010) stated that tactile localization is more challenging when two or more stimuli are
presented proximally in both location and time, especially with an interstimulus interval of
less than 0.3 s. Specifically, Hollins noted that the shorter the interstimulus interval, the
smaller the estimation of distance between stimuli. Cholewiak (1999) demonstrated this
finding in an experiment involving the thigh, palm, and fingertip, and also revealed that
estimations differed across body parts (i.e., stimuli seemed longer on the palm than on the
thigh). Although Cholewiak did not recommend a specific optimal interstimulus interval,
these findings suggest that slightly longer interstimulus intervals (i.e., a few seconds as
opposed to less than a second) may improve the accuracy of tactile localization.
Hollins (2010) reviewed additional aspects and interactions of tactile perception;
for instance, he noted that certain tactile stimuli elicit affective responses, such as pleasant
emotions. An additional, important characteristic of tactile perception Hollins noted is that
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individuals’ ability to attend to tactile stimuli is comparable to attention to visual and
auditory stimuli. Relatedly, Hollins discussed “cross-modal effects” (p. 251) as the
combination or interference of perceptual stimuli from different modalities (e.g., visual,
tactile, etc.). For instance, Hollins (2010) cited Guest and Spence (2003), who found that
when visual and tactile stimuli were presented together, simultaneous presentation of other
tactile stimuli impeded sorting of the visual stimuli. On the other hand, participants
successfully sorted tactile stimuli when other visual stimuli were presented simultaneously;
in both cases, tactile stimuli were more salient, even when stimuli seemed to be more
discriminable visually than tactually. Hollins (2010) noted several possible explanations
for cross-modal effects: distraction, alternation, or perceptual modification. For example,
Jousmaki and Hari (1998) and Guest et al. (2002) showed that modulating sound (auditory
stimuli) could influence the perception of texture (tactile stimuli; specifically, roughness
and moisture). These findings suggest that individuals should be able to attend to and learn
to report tactile sensations as well as visual or auditory stimuli, and that stimuli from other
modalities could affect perception and reporting of tactile stimuli. When teaching
individuals to report tactile stimuli, it may be important to present those stimuli in
isolation, initially. Another way to combat interference would be to directly train relations
between different modalities, followed by testing for emergence of tactile tacts. For
instance, an instructor could teach a child the relation between the appearance, tactile
description (e.g., “soft”), and tactile sensation of a cotton ball, sandpaper, and glue. Then,
the instructor could teach the child the relation between the sight and tactile description of
a feather, nail file, and putty, and test whether the child could accurately describe the
stimuli when felt. Mullen et al. (2017) conducted a similar study including arbitrary visual
and vocal stimuli.
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Before reviewing pain as a somesthetic sense, Hollins (2010) delved into
thermoreception and the way people perceive warmth and cold, interestingly, as distinct
submodalities. Further, temperature stimuli fall along a “subjective continuum” and may or
may not produce pain at different levels—resting skin temperature is not uncomfortable,
but as stimuli become progressively warmer or colder, an individual may feel
unpleasantness, then burning or stinging, and finally, pain (Hollins, 2010, p. 253).
Finally, Hollins (2010) reviewed pain perception as a submodality of somesthesis.
According to Hollins, pain is highly disposed to modulation by outside factors, such as
sensitization, tactile stimulation, or pain at other sites. Sensitization occurs after initial
exposure to noxious stimuli and results in subsequent events feeling painful, even if those
events would have typically felt less painful or non-painful (i.e., allodynia, p. 254). Tactile
stimulation of the painful site, such as rubbing one’s temples during a headache or
applying pressure to a bruise, can reduce pain; transcutaneous electrical nerve stimulation
(TENS) is another example. During TENS, nerve fibers are activated by electrodes placed
on the skin. Diffuse noxious inhibitory control (Hollins, 2010, p. 256) occurs when pain at
another site reduces pain at the target location, although this phenomenon does not occur
for all individuals.
In addition to these factors that can impact how pain is felt, pain and other
cognitive factors bidirectionally influence each other; examples include placebo effects,
attention, and emotion (Hollins, 2010). These factors have been studied in relation to
experimental pain. Intensity of pain may change based on the participants’ expectation of
effects of a placebo, or past reactions to medication. Pain can detract attention from
competing tasks, affecting performance on certain tasks as well as memory; conversely, it
may be possible to divert an individual’s attention away from pain. Negative emotions
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related or unrelated to the pain experienced could affect the intensity of pain felt.
Additionally, there is a relation between emotions, physiological responses, and pain, and
emotions and pain may influence each other bidirectionally. Chronic pain especially may
lead to negative psychological effects.
In some cases, tactile and pain perception may be conflated, but in others, they
must be thought of as distinct (Hollins, 2010). Pain is more easily and drastically
modulated than touch, although touch can be influenced by contextual or cognitive factors,
too; for example, there are instances in which gentle pressure or mild cooling can produce
painful sensations. Further, research conducted on touch and pain differ; subjective scales
are often used to measure pain, while more precise, objective measurement may be used to
measure touch. Because tactile perception is less likely to be overly influenced by other
conditions, emotions, or attentional factors, it may be more stable within an individual, and
therefore more amenable to study than actual pain (Hollins, 2010). Therefore, researchers
may benefit from studying responses typically associated with pain (e.g., pain intensity or
quality) in experimental arrangements involving non-painful tactile stimuli.

[V] Behavior Analysis and the Study of Pain
Within the field of behavior analysis, too, little has been done in the way of studying
pain intensity measurement. Behavior analysts have studied pain in the context of
biofeedback (e.g., Lake et al., 1979; Sturgis et al., 1978; Warnes & Allen, 2015),
progressive muscular relaxation as a treatment for pain (e.g., Sanders, 1983), pain tolerance
and threshold (Brown et al., 1973; Cabanac, 1986), intensity ratings (Brown et al., 1973),
and behavioral measurement and treatment of pain (Kelley et al., 1984).
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Biofeedback
Sturgis and colleagues (1978) employed a multiple baseline design across
responses and participants to examine whether two typically developing adults could
control their blood volume pulse (BVP) or tonic muscle activity to reduce vascular
migraines or muscle-contraction headaches, respectively. The experimenters measured
BVP in the temporal artery and electromyographic (EMG) activity using a polygraph.
Additionally, the participants rated the headache type, intensity, disability, duration, and
stated the medications taken throughout the experiment and afterward. Each participant
experienced 15 sessions of each feedback type (BVP and EMG), which were
counterbalanced. During sessions, the participants were told to relax their frontalis muscle
and constrict their temporal artery, and during the feedback phases, they were asked to
keep a loud tone off. The loud tone provided feedback that they had gone above a specified
criterion for pulse or muscle activity. Biofeedback allowed both participants to gain some
control over BVP and EMG activity, reducing headaches or migraines enough to eliminate
the need for medication (Sturgis et al., 1978).
Lake and colleagues (1979) similarly worked to address migraine headaches using
biofeedback, using a group design that included four groups of 24 typically developing
adults. Lake et al. (1979) wanted to compare four intervention packages and investigate the
relationship of biofeedback performance with headache reports. The four groups were as
follows: (a) a self-monitoring waitlist control group, (b) a frontalis EMG biofeedback
group who were asked to decrease muscle tension, (c) a digit-temperature biofeedback
group who were asked to raise finger temperature, and (d) a group that experienced both
digit-temperature feedback and rational-emotive therapy. Digit-temperature feedback
involved a visual display of middle finger temperature changes. The rational-emotive
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therapy was intended to modify an individual’s cognitive responses and attitudes. The
dependent variables included temperature, EMG recordings, headache intensity (selfmonitored and rated on a scale from 0 to 5), medication consumption (self-reported), and
participant estimations of improvement or worsening of headaches. Following a baseline
phase, each of the three experimental groups experienced a training phase while the control
group self-monitored for five months. Overall findings indicated that biofeedback was
more effective than self-monitoring in reducing headaches (Lake et al., 1979).
Warnes and Allen (2015) conducted a study with one typically developing 16year-old girl to decrease symptoms of paradoxical vocal fold motion disorder, a condition
in which tightened muscles cause the vocal cords to contract involuntarily, leading to
difficulty breathing and other uncomfortable sensations. The experimenters used a
changing-criterion design in evaluating the effects of EMG biofeedback on EMG
measures, pain, and functioning during daily activities. The participant rated her pain
intensity using a VAS ranging from 0 (no pain) to 10 (severe pain). Anecdotal reports of
adaptive functioning were obtained, in addition to the participant’s mother’s numerical
ratings of how much the pain interfered with daily activities. After experiencing the
intervention, the participant had fewer respiratory-distress and chest-pain episodes, and her
moderate to severe pain level decreased from three to four times per week to zero times per
week; she had less muscle tension and pain. Additionally, school absences decreased.
Overall, EMG biofeedback involving frequent reinforcement provided a way of making
covert responses more salient to the participant, allowing her to gain control over her
responding (Warnes & Allen, 2015).
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Relaxation Training
Sanders (1983) used a noncurrent multiple baseline design across four participants
to study the effects of a treatment package on chronic back pain. The experimenters
tracked medicine consumption, pain intensity ratings provided four times per day, and the
duration spent standing or walking throughout each full day during 8-hr intervals. Pain
intensity was rated using an 11-point NRS ranging from no pain to an unbearable amount
of pain. In addition to progressive muscle relaxation (PMR; Bernstein & Borkovec, 1973),
the treatment package included assertion training, functional pain-behavioral analysis
training, and reinforcement (Sanders, 1983). The four interventions were presented in
counterbalanced orders to the four participants. The interventions were cumulative; by the
fifth phase, each participant was participating in all four interventions. During each phase,
each participant experienced at least five sessions of the intervention before the next
intervention was added. The PMR phase involved the experimenter teaching the participant
to engage in PMR during session as well as at home, with and without an audio recording.
The assertion phase involved the experimenter teaching the participant to be assertive and
assignments to be assertive outside of sessions. The functional pain-behavioral analysis
phase involved the experimenter teaching the participant about pain conceptually, then the
participant identified their own pain behavior (private and public), self-monitored those
responses, and tracked the antecedents and consequences. Social reinforcement of
increased activity involved the experimenter and a therapist praising the participant when
they stood and walked for longer durations in and outside of sessions. Sanders found that
relaxation training was most effective, resulting in a decrease in pain intensity and
medication use and an increase in movement across all four participants. Reinforcement
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also increased movement, while the other two interventions did not have any clear effects
on pain or behavior (Sanders, 1983).

Pain Tolerance, Threshold, and Intensity Ratings
Brown et al. (1973) conducted a study to investigate whether one painful stimulus
would lead to similar pain threshold, tolerance, and intensity ratings for each participant, as
well as whether high pain responsivity (i.e., low threshold and tolerance; high intensity
ratings) would generalize to different painful stimuli. Fifty-two typically developing adults
participated in the study. The two painful stimuli were pressure and cold. The
experimenters produced pressure-induced pain by using a device that applied pressure to a
finger, and they produced cold-induced pain by submerging the hand in ice-cold water.
Half of the participants experienced cold first, while the other half of the participants
experienced pressure first; 25 min after exposure to the first stimulus, participants
experienced the second stimulus. The dependent measures were pain threshold, pain
tolerance, and pain intensity ratings on an 11-point NRS. The experimenters recorded
threshold at the point when the participant stated they felt pain but did not need to
terminate stimulation; they measured threshold using latency from the start of stimulation
to the report. Brown et al. recorded tolerance at the time of the participant’s necessary
removal (up to 10 min); they similarly measured tolerance using latency to removal.
Following stimulation, the experimenters asked the participants to provide intensity ratings
at the time pain was first felt (i.e., threshold), at the time of removal (i.e., tolerance), and
peak intensity. The results showed that in terms of threshold, tolerance, and intensity
ratings, pain responsivity was consistent within each stimulus, cold and pressure.
Additionally, based on correlations between cold threshold and tolerance with pressure
threshold and tolerance, pain responsivity was generally similar across stimuli. Further,
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cold and pressure thresholds (M = 39 s), tolerance (M = 85 s), and intensity ratings were
similar across the two stimuli. Brown et al. suggested that pain responsivity may generalize
across noxious stimuli, but stated that we need further research on how such results may
relate to clinical pain. This study also provides important information for certain
populations, such as individuals with ASD, who require direct teaching to be able to
indicate when pain is uncomfortable, unbearable, and how much pain is felt. Ethically, it
may be inappropriate to train intensity reports with multiple stimuli, so if pain responsivity
is likely similar across stimuli, it may be most efficient to teach individuals to report
intensities of a certain subset of non-painful or painful stimuli, and test for generalization
to another subset of similar stimuli (Brown et al., 1973).
Following the study by Brown et al. (1973), Cabanac (1986) also conducted a
study that involved measuring pain threshold; the aim was to assess whether people would
remain in pain longer if they would earn more money. Participants were 10 typically
developing adults who were asked to do a wall-sit exercise that produced isometric
contraction in their thigh muscles which led to painful sensations. The participants earned
money based on the number of 20-s intervals they were able to remain in position. The
dependent variables were the duration of each trial, pain magnitude ratings, heart rate, and
blood pressure. The experimenters collected data on the pain estimate, heart rate, and blood
pressure while each participant was standing and thereafter at 30 s, 1 min, and every
subsequent minute during the trial. Similar to the previous study by Brown et al. (1973),
pain tolerance was considered the maximum level of pain the participant was willing to
endure, measured when they ended the trial by releasing the wall sit (Cabanac, 1986). Pain
ratings, heart rate, and blood pressure all increased with time engaged in the exercise.
Interestingly, when the monetary reward was a fixed amount, participants were generally
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willing to remain in position for approximately 4 min, but when the monetary reward value
changed, wall-sit durations increased accordingly. Cabanac asserted that this study was a
safe and ethical way to study pain and the effects of consequences on pain tolerance, a
topic that was not well-understood at the time. One important limitation Cabanac (1986)
mentioned was that the physical magnitude of the pain-producing stimulus was
unobservable. To solve this issue, future researchers could provide participants with
dumbbells of different weights to hold during wall sits, then assess pain intensity as it
relates to the amount of weight held. Researchers may want to consider measuring similar
dependent variables with observable stimuli (e.g., dumbbells) that could serve as public
accompaniments, leading to a better understanding of covert responding and reports of
private events.

Behavioral Measurement and Treatment of Pain
Kelley et al. (1984) conducted a study with two typically developing children, aged
4 and 6, who had second- and third-degree burns. The experimenters evaluated the effects
of cartoons and feedback on overt pain behaviors during treatment for the burns. The
experimenters collected data on child and adult-observer ratings of pain, fear, and
uncooperativeness, in addition to observing overt pain behaviors. The experimenters
recorded occurrence of all behaviors in 30-s intervals. The overt pain behaviors measured
were verbal pain (e.g., crying, screaming, vocal attempts to delay treatment) and motoric
pain (e.g., flailing, aggression, non-vocal attempts to delay treatment). The experimenters
also collected data on positive and negative physical contact from the physical therapist or
parent; an example of positive contact would be affectionate touch, while an example of
negative contact would be restraining the child with physical force. Additionally, the
experimenters collected data on positive and negative verbal interactions with the child;
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positive verbal interactions were those that did not involve punitive or instructive language,
while an example of a negative verbal interaction would be a threat. Levels of pain,
cooperation, and calmness were rated on 9-point scales, and the participants also rated their
feelings during treatment and enjoyment of the cartoon on 5-point scales. All scales were
completed after sessions, during which medical treatment was provided by the physical
therapist. After a baseline phase, the participants experienced a treatment phase; the
experimenters asked the children to attend closely to their televisions, showed the children
graphs of their pain behaviors during medical treatment sessions, and provided the children
with feedback about those pain levels on a star chart. The children were instructed that the
cartoon was intended to distract them from their pain and that they could earn a star if they
emitted less pain behavior during that session than they had at the end of the baseline phase
(specifically, the criterion was at least 25% less).
Kelley et al. (1984) found that the first participant’s baseline pain behavior ranged
from 41% to 83% (M = 68%) of intervals, decreasing to an average of 57% (range = 43%75%) during treatment, immediately increasing to 77% in a return-to-baseline probe, and
decreasing to an average of 44% of intervals (range = 27%-64%) in the final treatment
phase. The second participant’s baseline pain behavior ranged from 0%-76% (M = 37%),
decreasing to an average of 35% (range = 7%-53%) during treatment, increasing in the first
return-to-baseline phase (M = 58%, range = 50%-60%), decreasing in the second treatment
phase (M = 40%, range = 12%-56%), increasing in the second return-to-baseline probe to
80%, and decreasing finally in the third treatment phase (M = 42%, range = 25%-66%).
When analyzing the rating scale data, the authors found that observational data,
physical therapists’ ratings, and parents’ ratings all correlated for at least some variables
(Kelley et al., 1984). Interestingly, however, this was not the case for the child pain ratings,
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which did not correlate with the adult ratings or the observations. It is possible that the
children were unable to accurately rate their own pain or that the adults did not accurately
rate the participants’ pain. It is further possible that the public pain expressions (observed
and rated by the experimenters, parents, and physical therapists) were not accurate
collateral responses to the children’s physiological responses and pain experiences. As
self-report is often considered the optimal measure of pain, future studies could further
examine the lack of correspondence observed in this study and collect data on
physiological measures.
Kelley et al. (1984) also found that the rating scale data collected were not as
sensitive to the effects of the treatment as the pain interval data. In addition to subjectivity
as a contributing factor, the rating scale may have measured variables outside of overt pain
during medical treatment; the participants’ mothers may have rated behavior outside of
experimental sessions, and the children may have rated physiological private events that
were unaffected by the treatment. The study by Kelley et al. decreased possible collateral
responses to private events (i.e., painful sensations) with the use of distracting stimuli. In
addition to suppressing overt pain behavior, it is important to teach children to engage in
replacement behaviors or verbal reports of the painful private events; detailed descriptions
of pain could lead to access to more appropriate medication, treatment, or comfort from a
caregiver.

Summary
Thus far, the primary focus of behavior analytic study of pain has been to mitigate
pain and overt pain responses such as motoric and verbal responses to (e.g., crying) and
about (e.g., subjective ratings) pain. However, within the field of behavior analysis, the
intensity of painful stimulation has not yet been manipulated to teach individuals to report
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intensity accurately. Therefore, future research is needed to investigate factors that affect
the accuracy of verbal responses about pain. For instance, it is important for researchers to
investigate the controlling variables for responses such as “I feel a sharp pain in my side,”
or “It feels like a 7 right now, but yesterday it was between a 4 and a 6.” If researchers are
able to isolate controlling variables for responses about pain (e.g., magnitude of a stimulus
relative to other stimuli), it may be possible to teach individuals who have difficulty
communicating to talk about pain accurately.

[VI] Pain as a Private Event
Pain can be thought of as a private event, or a stimulus or response that is only
observable to the person experiencing it (Tourinho, 2006). An example of a painful private
event occurs when an individual consumes food that upsets their stomach; the stomach
generates stimulation that the individual feels (a private stimulus as described by Tourinho,
2006, p. 23). This stimulus could lead to covert, physiological responses such as increased
heart rate, as well as overt responses such as hunching over or describing the pain vocally.
In this case of stomach pain, private stimuli and covert responses could be involved in the
pain event. Authors who have engaged in philosophical discussion about private events
have debated whether private events are amenable to study for behavior analysts (e.g.,
Baum, 2011; Catania, 2011), but ultimately, whether or not it is practical to study private
events depends on the target population. For example, the study of private events enhances
clinicians’ ability to teach individuals with ASD to report sensations, which can be
important when communicating with caregivers or medical professionals.
The intensity of a sensation can also be thought of as a private event; the stimulus
causing a specific intensity to be perceived may not be observable, and the specific
intensity is only felt by the individual experiencing the pain. Privately experienced

TACTING INTENSITY

55

intensities can be felt in relation to stimuli that are not noxious, as well; for example,
individuals can feel the intensity of a sound, how heavy or light an object is, how wet or
dry an object is, and so on. When dealing with intensities of certain stimuli, there may not
be a public stimulus that allows observers to perceive the level of intensity felt. However,
other privately experienced intensities may have observable correlates; for example,
materials of various roughness, such as sandpaper, may have observable differences in grit
size. Similarly, the amount of pressure, tightness, or vibration may be observable by others
to some extent; for instance, different levels of vibration may be accompanied by different
auditory stimuli. Additionally, individuals can feel various intensities of temperature,
varying along scales of cold and hot, and temperature felt by an individual may or may not
accompany an observable stimulus that indicates the degree of cold or hot that is felt. It is
important for individuals to be able to report private events such as intensity, but because
of these variables related to privacy, it is challenging to capture and create opportunities to
teach those reports.
To further explore the controlling variables for reporting intensities and effective
methodology for teaching individuals to do so, it is crucial that we merge the study of
private events with information about reporting pain outside of behavior analysis.
Although displays of overt pain behavior (e.g., crying, idiosyncratic body movements) can
result in appropriate medical treatment, teaching children with ASD to respond to pain in
ways that are well-understood by their verbal communities may be beneficial. Further, it is
possible to bypass the neural processes related to nociception and tactile perception,
developing teaching methods based on publicly accompanying stimuli (e.g., modulated
amounts of pressure, roughness, etc.) as well as collateral responses to pain (e.g., crying).
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[VII] Verbal Behavior and Tacting Private Events
Although challenges arise, Skinner (1945, 1957) described four ways that
individuals learn to report, or tact, private events. A brief overview of the verbal operants
and tacting (Skinner, 1957) will precede description of the two methods relevant to this
paper. Skinner’s verbal operants provided the first functional account of speaker behavior.
Skinner described the mand, the echoic, the textual, the intraverbal, and the tact. The
antecedent for a mand is a particular state of deprivation or aversive stimulation and can be
considered to specify its reinforcer (Skinner, 1957, pp. 35-36); a mand can be thought of as
a request. The echoic, textual, and intraverbal operants are preceded by verbal stimuli and
consequated with generalized conditioned reinforcement (Skinner, 1957, p. 185). The tact
is preceded by a nonverbal stimulus, and consequated with generalized conditioned
reinforcement (Skinner, 1957, p. 185).
An example of a tact is when a child sees a pot on the stove and says “pot;” the
sight of the pot is the nonverbal stimulus and the tact is “pot.” It is likely that adults in the
child’s verbal community reinforced the tact “pot” in the presence of the pot in the past. In
the future, the child may see different pots and also say “pot;” this is an example of a tact
extension. If the stove has been turned on and the pot is now hot, when the child goes near,
she may say “Ooh! It’s hot,” responding to one particular property of the pot—the heat.
The heat felt is the nonverbal stimulus in this scenario, and because control has shifted to
one property of the pot, this event is considered abstraction (Skinner, 1957).
Abstraction is important in tacting private events; for a private event tact to be
accurate, it must be emitted under specific conditions (e.g., when the stove is turned on and
the pot feels hot) rather than others (e.g., when the stove is turned off and the pot feels
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cool). In some cases, those conditions are not publicly observable. For example, an
individual might bump into the sharp corner of a table, leaving a bruise on her side
suggesting that she might be in pain. On the other hand, an individual might eat something
unpleasant, causing a similar sharp pain in her side, with no overt symptoms present on the
skin. Although people frequently emit behavioral signs of distress in the absence of
physical evidence of pain, some individuals, such as individuals with developmental
disabilities, may not (Allely, 2013), precluding the verbal community from properly
teaching them to talk about unobservable events.
Skinner (1945, 1957) discussed four ways of teaching individuals to tact private
events; these methods are helpful in teaching individuals with developmental disabilities to
report pain, and two will be discussed here. The first method Skinner described involved
public accompaniments—stimuli observable to the verbal community. In this case, the
verbal community reinforces the tact of the private event while the observable stimulus is
present. For example, when a child has eaten something hot and the parent saw steam
rising from the food, the parent might say, “That was hot! Did you burn your tongue?” and
give the child a cold drink. In the future, after eating steaming-hot food, the child may say
“It’s hot! I burned my tongue!”
In the second method, the verbal community relies on the occurrence of collateral
responses to reinforce tacts of private events (Skinner, 1945, 1957). For example, after the
child eats the hot food, he might cry, open his mouth, and spit the food out. Based on the
facial expression and other observable responses to the food touching the child’s tongue,
the parent might say “Was it too hot? Oh no, you burned your tongue!” and in the future,
when a bite is too hot, the child might respond by saying he burned his tongue, rather than
(or in addition to) crying. Although individuals with ASD may have difficulty learning to
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describe pain, they often emit behavioral indices of pain (i.e., collateral responses).
However, in some circumstances, it could be challenging, inappropriate, or dangerous for a
caregiver to prompt a child with ASD to emit a tact of a private event during pain-related
behaviors such as crying, screaming, or flailing. Additionally, while collateral responses
may indicate to an observer the presence of pain, the level of pain felt may not be
discriminable. In other cases, the intensity of the collateral response (e.g., volume or
duration of crying) may reflect fluctuations in pain intensity. Verbal report and any
observable stimuli become especially important when treatments (e.g., Kelley et al., 1984)
reduce overt pain behavior.
One way to teach individuals to tact intensity involves Skinner’s (1945, 1957) first
method, drawing from public accompaniments. Specifically, teachers/caregivers could
carefully select stimuli for which the intensity level can be modulated and observed. While
the stimulus material would be known to both the individual in the verbal community (i.e.,
a teacher such as a parent, experimenter, or clinician) and the learner, only the teacher
would be privy to the intensity level presented on each trial. Public accompaniments have
been manipulated by various researchers to teach discrimination of or tacts of private
events, in both analog and applied studies.

Analog Studies
Okouchi (2006), Sonoda and Okouchi (2012), and Stocco et al. (2014) conducted
analog studies to teach discrimination or tacting of private events when public
accompaniments were available to an instructor or experimenter. In all three studies, the
participants were typically developing adults. Okouchi (2006) and Sonoda and Okouchi
(2012) assigned each of their participants to one of two groups: instructor participants or
learner participants; the instructors attempted to teach the learners to match private stimuli
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to public stimuli. In the study by Stocco et al. (2014), the experimenter taught the
participants to tact private stimuli using arbitrary spoken syllables that were considered
tacts. During each teaching trial in all three studies, the instructors had visual access to a
publicly accompanying stimulus, but did not have visual access to the “private” stimulus
that was only seen by the participant.
In the study by Okouchi (2006), two of the eight learner participants learned the
matching targets. Sonoda and Okouchi (2012) conducted a three-experiment extension;
Experiment 2 attempted to replicate more realistic contingencies, so the stimuli available to
the instructor and the learner only corresponded accurately 83.3% of the time. This
deterioration of correspondence from 100% as in the original study (Okouchi, 2006) and
Experiment 1 (Sonoda & Okouchi, 2012) led to treatment integrity errors and, therefore,
delayed mastery compared with Experiment 1. Similar to Experiment 2 by Sonoda and
Okouchi (2012), Stocco et al. (2014) manipulated the level of correspondence between
public and private stimuli in Experiment 1, finding that strong (80%) correspondence led to
more accurate private event tacts than weak (40%) correspondence. These results can be
applied to real-world scenarios involving pain and private events; for example, if a child
cries when they feel pain some of the time, but laughs when they feel pain at other times, a
caregiver could inadvertently teach the child to say “That’s funny,” when in pain, resulting
in an inaccurate pain tact. Thus, Sonoda and Okouchi (2012) and Stocco et al. (2014)
demonstrated a possible negative effect of breakdowns in correspondence between private
and public stimuli. Further, in Experiment 2, Stocco et al. (2014) demonstrated that when
different members of the verbal community reinforced different tacts based on the same
public accompaniment, tacting came under audience control. These analog studies provide
a foundation for teaching individuals to tact private events based on public
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accompaniments, but also demonstrate the challenges that may occur in applied settings or
in the real world, when public and private stimuli do not precisely correspond, when
different members of the verbal community reinforce different responses, or when public
stimuli are complex (see Stocco et al., 2014, Experiment 3).

Applied Studies
Applied researchers have drawn from public accompaniments to teach individuals
to tact private stimuli from multiple sensory modalities, including the auditory modality
(Hanney et al., 2019; Mellor et al., 2015), the olfactory modality (Dass et al., 2018), and
the tactile modality (Belisle et al., 2018; Rajagopal et al., 2021).
Belisle et al. (2018) conducted a study with a 14-year-old and a 16-year-old
individual with ASD and Down syndrome who communicated using the Picture Exchange
Communication System (PECS; Bondy & Frost, 1994). The experimenters taught the
participants to emit tacts of tactile stimuli wet, dry, hard, and soft (Belisle et al., 2018). The
participants were unable to see the stimuli, which were kept in a box with a felt-covered
opening. During trials, the experimenter asked the participants to reach their hands through
the opening and touch and tact each stimulus. After learning to tact two exemplars of each
of the teaching targets, testing for abstraction revealed that both participants could tact two
novel exemplars of wet, dry, hard, and soft stimuli. In this study, the public
accompaniments to the private tactile stimuli were the visual features of the stimuli, which
the experimenters could see from the other side of the stimulus box.
Rajagopal et al. (2021) conducted a similar study with three young boys with ASD
who communicated vocally. Each participant was taught to tact three of the following
sensations: soft, prickly, sticky, and rough, on three body parts, such as the arm, knee, and
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neck. For example, one child might have been taught to tact “That feels prickly on my
arm.” Two exemplars of each of the three target sensations were presented to each
participant using stimuli such as feathers (soft), spiky balls (prickly), body tape (sticky),
and dish sponges (rough). The participants were unable to see the stimuli; two participants
placed their heads through a circular opening in a foam board and one participant closed
his eyes for the duration of trials. This procedure prevented tactile tacts from coming under
the control of visual features (e.g., spikes) of the stimuli. Following mastery of the three
sensations and three body parts (i.e., nine sensation-body part tacts), the experimenters
tested for sensation-body part tacts that included three novel body parts, six novel objects
(two new examples of each sensation), and three novel sensations. All three participants
demonstrated abstraction to novel objects, as well as some recombinative generalization
(Goldstein, 1993) to novel body parts, but none of the participants demonstrated
generalization to novel sensations (Rajagopal et al., 2021). In this study, the public
accompaniments to the private tactile stimuli were the visual features of the stimuli, which
the experimenters could see as they applied the stimuli to the participants’ body parts.
These two applied studies that involved teaching children with ASD to tact private
tactile stimuli demonstrated that public accompaniments only viewed by an experimenter
or other instructor can lead to accurate tacts of private events. However, neither study
involved varying the tactile stimuli in magnitude or intensity; future research should
explore this area further. Future research should also continue to evaluate abstraction,
stimulus generalization to novel body parts, and generalization to novel sensations. In the
case of intensity, if a child is able to identify the greater of two quantities such as three and
four (i.e., relational responding; Hayes et al., 2001) and is then directly taught to tact the
intensity of a stimulus corresponding to one of the two quantities (e.g., three), researchers
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should assess whether the child is then able to tact the intensity of a stimulus corresponding
to the other quantity, four (i.e., a derived relational response; Hayes et al., 2001).

[VIII] Pain Report in Individuals with Developmental
Disorders
It is important that all individuals, including individuals with ASD or other
developmental disorders (DD), be able to tact private events such as pain and pain
intensity. Pain intensity is the most commonly used measure of pain in medical settings
(Huguet et al., 2010; von Baeyer, 2009). However, pain assessment tools such as those
previously described may not always be effective or appropriate for individuals with DD
due to their diverse pain behavior or displays of pain that do not match with chronological
age (Breau et al., 2006). According to Breau et al., individuals with DD are seldom
included in experiments investigating pain, leaving unfortunate gaps in both research and
practice. However, it is imperative that researchers include this population in research on
pain. Specifically, it may be important to include individuals from this population in
studies on pain because they may be more susceptible to associated issues.
For example, the incidence of gastrointestinal issues and abdominal pain is higher
in the ASD population than in typically developing individuals (Chaidez et al., 2014;
Wasilewska & Klukowski, 2015). The inability to tact the pain associated with such
conditions and access proper treatment could lead to further pain, distraction, overt
behaviors that preclude participation in daily activities, or problem behaviors. Additionally,
in one study, individuals with DD were less likely to seek help when injured, despite
proximity to an adult (Gilbert-MacLeod et al., 2000). And further, when individuals with
ASD emit pain-related problem behavior, family members are impacted, as well (Walsh et

TACTING INTENSITY

63

al., 2013). Although caregivers may not detect displays of pain, they are often relied upon
to communicate the occurrence of pain and pain history to medical professionals,
increasing the pertinence of research in this area (Breau et al., 2006). According to Breau et
al., children with DD must have their entire bodies examined physically while undressed
during medical visits, due to the inability to localize pain; thus, additional problems arise
due to fear of the physical examination. Intrusive medical examinations could be traumatic,
further underscoring the importance of research on teaching children to report the location
of pain. Lack of communication and therefore extended inattention to pain could lead to
worsening of existing conditions or development of new conditions. Overall, pain could be
a more persistent and severe problem for children with DD than for typically developing
children, especially when left untreated (Breau et al., 2006).
Benini et al. (2004) conducted a study including 16 children with DD who were
between 7 and 18 years old. An hour before a venipuncture procedure, the children were
provided with training on the self-report measures that would be administered following
the procedure: the VAS, the Faces Scale (McGrath et al., 1985), and the Eland Color Scale
(Eland, 1985). Modified versions of the Eland and Faces scales (four faces instead of nine),
as well as a Cube test, were administered as well (Benini et al., 2004). To use the modified
Cube test with the Eland scale, an individual would need to select the cube in the size
representative of their pain and place it on a graphic to indicate the location of the pain.
The experimenters also collected data on vocal and non-vocal pain behaviors emitted by
the children. Overall results from use of the modified scales suggest that self-report is a
viable measurement tool for measuring pain intensity in children with DD. Benini et al.
(2004) provided a foundation for research on training children with DD to use pain
intensity scales, but further research is required for self-report to be used reliably.
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Beyond research and recommendations, pediatric patients with DD typically
experience pain measurement based on observable pain responses; physiological responses
are not yet a reliable way to measure pain in this population (Breau et al., 2006) or to
measure pain intensity in general (for a review of physiological markers, see Cowen et al.,
2015). However, van Dijk et al. (2001) conducted a study demonstrating correlations
between behavioral and physiological indices in almost 200 surgical patients between ages
0 and 3. The experimenters collected baseline and postoperative pain measures every 3 hr
for 24 hr following surgery. The experimenters used the COMFORT scale (Ambuel et al.,
1992), a composite measure including behavioral (e.g., movement, crying) and
physiological (i.e., mean arterial pressure, heart rate) components (van Dijk et al., 2001).
Additionally, the participants’ nurses reported patient pain level using a VAS. The
experimenters collected other surgery-related medical measures, as well. Following the
measurements, the researchers conducted statistical analyses to determine whether
behavioral and physiological measures correlated, finding that physiological factors were
not related to each other, but that behavioral and physiological scores increased together.
Still, the authors mentioned that extraneous variables could impact pain behavior, and
physiological measurement tools that could scare a child should not be used unless
necessary (e.g., while in surgery, for severe pain). Additionally, investigating the
interaction between behavioral and physiological measures and stress-related hormones
(e.g., cortisol, adrenaline) could provide valuable information.
In another study, Benromano et al. (2017) compared self-report, facial expression,
and physiological measures in adults with cerebral palsy and intellectual disability (CPID;
n = 13), cerebral palsy (n = 5), and typically developing individuals (n = 15). The
experimenters used a pressure algometer, an instrument that delivered and monitored the
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amount of pressure on 1 cm2 of a participant’s skin. During a pre-experimental phase, the
experimenters used the device to apply pressure to typically developing individuals, who
rated the intensity felt on an 11-point NRS; the experimenters selected no, mild, and
moderate pain-producing pressure levels for use with the participants. The experimenters
stimulated the participants’ backs for 5 s during each trial, with interstimulus intervals
between 2 and 4 min; the experimenters did not present the stimulus intensities in random
orders, and slightly shifted location between trials.
Benromano et al. (2017) collected self-reported intensity ratings during each trial
of noxious stimulation using a self-report measure known as the pyramid pain scale. The
pyramid pain scale is not typically used; it is a 6-point (i.e., 0 [no pain] to 5 [worst pain])
scale made from plastic, with five triangles that become increasingly larger and brighter
red from left to right. The experimenters collected data on the following physiological
measures throughout sessions: (a) heart rate, (b) pulse amplitude, (c) heart rate variability,
and (d) galvanic skin response. The experimenters also observed and coded facial
movements (e.g., jaw dropping, blinking, nose wrinkling) using the Facial Action Coding
System (FACS; Ekman & Friesen, 1978), as well as whether the participants froze, lacking
body and facial movement for 3 s after presentation of noxious stimuli (Benromano et al.,
2017). Results showed that when pressure intensity increased, the individuals with CPID
demonstrated more facial activity, reported more pain intensity, and emitted higher pulse
amplitude and lower galvanic skin responses than the other two groups. The individuals
with CPID also froze more often than the other groups in all three stimulus-intensity
conditions. Interestingly, in the CPID group, although the behavioral measure collected
using the FACS correlated with pulse amplitude, galvanic skin response, and heart rate, the
physiological measures did not correlate with the self-report measure. Further, the
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physiological measures did not correlate with the levels of intensity (Benromano et al.,
2017). These results suggest that facial movement can boost self-report measures, but
physiological measures cannot yet be considered accurate records of pain independent of
other measures.
Facial expressions and other bodily movements are promising behavioral indices
of pain but may not be ready for clinical use with individuals with DD (Breau et al., 2006).
Other tools that have been demonstrated as effective with typically developing populations
have not been demonstrated effective with individuals with DD. Interestingly, Breau et al.
noted that several different research groups have begun developing behavioral pain
measurement tools in recent years (e.g., the NCCPC-R), and although they are different
from tools used with typically developing children, they contain many overlapping items,
suggesting that individuals with very limited communication skills actually exhibit many
of the same behavioral indices of pain (e.g., grinding teeth, stiffness, flinching; Breau et al.,
2006, pp. 155-156). Future research may be able to capture these collateral responses to
teach individuals with limited vocabulary to report pain in those instances and future
instances. Further, it may be interesting to consider whether certain collateral responses or
magnitudes of responses emerge when pain has reached a certain intensity level. For the
most part, ethical constraints obstruct researchers from actually inducing pain to teach tacts
of intensity or location, but we may be able to identify and use analogs to pain (e.g., tactile
sensations).

Tactile Discrimination and ASD
As previously suggested, tactile stimuli may bridge the gap between pain and
teaching individuals to tact intensity. Tactile stimuli may be a viable option because
individuals with ASD perform similarly to their typically developing peers on sensory
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discrimination tasks. Duerden et al. (2015) compared responsivity to warm, cool, heat, and
cold stimuli in 20 individuals with ASD and 55 typically developing individuals. Stimuli
were administered on the inner skin of the forearm. Duerden et al. found that individuals
with ASD had higher warmth thresholds, lower cold thresholds, and were generally less
sensitive to temperature stimuli. Cascio et al. (2008) compared responses to touch,
vibration, and temperature in individuals with ASD and typically developing individuals.
In contrast with Duerden et al. (2015), Cascio et al. (2008) found that individuals with
ASD displayed increased sensitivity to temperature and vibration on the forearm; however,
individuals with ASD responded comparably to touch, vibration on the palm, and less
intense temperatures.
O’Riordan & Passetti (2006) compared auditory and tactile discrimination between
children with “high-functioning” (p. 667) ASD and typically developing children in a
series of experiments. The mean age of both groups was 8 years old. In Experiment 1, two
alternating tones were presented. One tone remained constant, while the other tone became
lower with each trial. The experimenters instructed participants to press a button to indicate
when the two tones were indistinguishable. Children with ASD demonstrated better
auditory discrimination than their peers, demonstrated by longer latencies to pressing the
button. In Experiment 2, the experimenters presented participants with 10 combinations of
four different textures of sandpaper ranging from fine to coarse. When given a pair, the
children (whose eyes were closed) touched both stimuli and stated whether the stimuli
were the same or different. If the stimuli were different, the experimenters asked the
children to tact the rougher stimulus. Performance between the two groups was similar
(O’Riordan & Passetti, 2006). The results from these studies suggest that teaching children
with ASD to tact tactile stimuli would be feasible and appropriate.
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[IX] Purpose
Although the NRS is the most frequently used tool for pain measurement, little
research has been conducted on teaching individuals to use this scale. Behavior analytic
research on pain has focused on mitigating pain and overt pain responses, rather than
teaching self-report of pain. To access appropriate medical care, methods for teaching
individuals with ASD to tact intensity are warranted. Rather than inducing pain in this
population, it may be beneficial to teach individuals with ASD to tact the intensity of nonpain, tactile stimuli, in non-clinical settings. The purpose of the present study was to teach
adults, typically developing children, and a child with ASD to tact various intensities (e.g.,
“3”) of three sets of tactile stimuli (e.g., sandpaper), followed by testing for abstraction to
novel stimuli (e.g., files), derived relational responding to tacts of novel intensities (e.g.,
“2”), and stimulus generalization to a novel body part (e.g., the arm).
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Chapter 2
Pilot Study
Method
Purpose
In addition to the previously described purposes of the present study, the pilot
study was conducted to determine whether generalization across stimulus sets would occur
for the pilot participant, as a guide in selecting our experimental design for future
participants.

Participant and Setting
A 57-year-old typically developed cisgender man, Roger, participated in the pilot
experiment. Roger had a master’s degree, identified as Indian, and spoke English and
Tamil. Sessions for the pilot study took place in the participant’s home, in a private,
multipurpose room approximately 10 x 14 ft in size. The primary investigator conducted
all pilot sessions.

Materials and Stimuli
During all pilot sessions, a GoPro Hero5 video recording device recorded sessions.
The camera was in the room with the participant and experimenter, positioned at an angle
to capture the stimulated body part as well as the stimuli. Additionally, the experimenter
had a data sheet, pen, clipboard, and two timers. Two chairs were positioned on opposite
sides of a table.
Stimuli from two sets consisting of two similar materials each were present during
sessions. The participant was asked not to look at stimuli, to prevent discrimination of
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intensity based on numbers, markings, or other visual features found on stimuli.
Specifically, the two stimulus sets were rough and tight. The rough set included two
subsets: (a) sandpaper and (b) files, and the tight set included two subsets: (a) an adjustable
cable tie and (b) an adjustable watch strap. Additional stimulus sets will be available for
future participants, such as a fan, Waterpik®, vibrating objects, varying degrees of wetness
(e.g., Ackerley et al., 2012), a pressure algometer (e.g., Benromano et al., 2017), or
different weighted objects.
Intensities. The primary investigator determined the intensity levels for each
stimulus set based on indicated intensity levels (e.g., grit size), as well as her own tactile
perception of stimuli; she also took into account the research assistants’ perception of
stimuli. Additionally, the pilot participant provided feedback on the appropriateness of the
assigned levels and the accuracy of matched levels across stimulus sets after he
participated in the study, as he wished to assist us in refining our procedures.
Precautions. Throughout all sessions, the maximum intensity of tactile stimulation
never exceeded what the experimenters decided was a level “5” intensity (similar to May et
al., 2017). This precaution was intended to prevent participants from feeling painful
sensations that may be associated with increasingly intense levels, such as Levels 6-10. If
Roger had reported pain to the experimenter, the session would have been immediately
terminated. Roger was reminded of this during the informed consent meeting, as well as
intermittently throughout sessions, along with being asked if he was comfortable.
Rough Stimulus Sets. Figure 6 displays the rough stimulus sets and Table 1 lists
the grit sizes matched across stimuli. The rough stimulus sets consisted of five sheets of
sandpaper (Subset 1) and five files (Subset 2). For the sandpaper subset, packs of 3M Pro
Grade Precision “Faster Sanding” sanding sheets were used. The sheets of sandpaper were
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cut to 3-in wide by 4-in tall rectangles; each sheet was identical except in terms of tactile
properties, and visual properties such as color and visual features indicating grit size were
hidden. The back of each square was labeled with a number using a label maker. The
predetermined intensity levels were as follows: 1000 grit was equated to Level 1 intensity
(smoothest; lowest intensity), 220 grit was Level 2, 120 grit was Level 3, 100 grit was
Level 4, and 60 grit was Level 5 (roughest; highest intensity).
For the file subset, a pack of Flat Diamond Files that were each 3/16 in (5 mm)
wide were used. The diamond length was 2 in, so the participant was able to feel a rough
surface that was 3/16-in wide by 2-in tall. Each rubber-dipped handle was labeled using a
label maker. Each file was identical except in terms of tactile properties, and visual
properties such as grit size and slight shading due to texture were hidden. For the files, the
experimenter assigned 600 grit to be Level 1 intensity (lowest), 240 grit to be Level 2, 150
grit to be Level 3, 80 grit to be Level 4, and 40 grit as Level 5 (highest).
Tight Stimulus Sets. Figure 7 displays the tight stimulus sets and Table 1 lists the
measurements matched across stimuli. The cable tie subset (Subset 1) was made from a 12in reusable fastening cable strap/tie with an adjustable multi-purpose hook and loop cord
that fastened using Velcro. The watch strap subset (Subset 2) was made from a 20-mm
long Barton watch band made from ballistic nylon; the holes on the watch strap were
spaced exactly .25 in (6.35 mm) apart.
To determine the different levels of tightness, the experimenter first measured the
pilot participant’s wrist (teaching body part) and ankle (generalization body part) using a
flexible measuring tape. Level 5 was assigned to the point where the two sides intersected
around the wrist or ankle and were comfortably snug, without pinching or producing an
uncomfortable sensation, confirmed by the participant. Then, that distance was measured
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and labeled on both the cable tie and watch strap. To demarcate Level 4, one quarter inch
beyond the Level 5 marking was measured and marked, and one quarter inch beyond Level
4, we marked Level 3. The other two levels were marked similarly. Therefore, for Roger,
for both the cable tie and watch strap, Level 5 (highest intensity) was when the end of the
cable tie or watch strap was pulled through its metal (watch strap) or plastic (cable tie) loop
to form a 6-in opening around the wrist. Level 4 intensity was 6.25 in, Level 3 was 6.5 in,
Level 2 was 6.75 in, and Level 1 was 7 in. Similarly, when the cable tie was applied
around Roger’s ankle, Level 5 was 8 in, Level 4 was 8.25 in, Level 3 was 8.5 in, Level 2
was 8.75 in, and Level 1 was 9 in.

Dependent Variables
The primary dependent variable in the current study was the percentage of correct,
independent tacts of intensity of stimulation, on a scale of 0 to 10 (i.e., 11-point NRS). As
with any rating scale, responses were subjective and relative, so no response could be
considered “accurate;” therefore, we based response definitions and scoring on
correspondence with the experimenter’s designated intensity tacts. A correct response
involved vocally saying the number that the researchers predetermined to be the intensity
level, such as saying “4” in the presence of stimulation assigned as level “4” by the
researchers. An incorrect response involved providing an incorrect tact of intensity, such as
saying “3” in the presence of stimulation assigned as level “5” by the researchers. During
each trial, the experimenter recorded the participant’s response (i.e., the number). At the
end of each 10-trial session, the experimenter calculated the percentage of correct tacts by
counting the number of correct tacts and dividing that number by 10, then multiplying that
quotient by 100 to obtain a percentage.
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Data Analysis. In this study, in addition to evaluating data based on trends and
levels observed on the graphs of the participant’s correct responding, we based decisions
on whether to proceed with stimulus sets on variability of responding (e.g., Tu et al., 2016).
As long as the participant responded by naming at least one other number in response to
the same stimulus, that intensity-level target and the stimulus set were not considered
known, and the experimenter proceeded. If the participant responded correctly to the
majority or all presentations of one particular target (e.g., saying “5” every time a Level 5
intensity stimulus was presented), additional baseline sessions were conducted including
that stimulus to ensure that the target was not known, until data were stable. After data
collection, variability data were graphed to depict the variety of individual responses per
intensity level, the mean and range of responses per intensity level, and the average number
of responses per intensity level within each generalization probe. The graphic displays of
variability were constructed based on figures by Cammilleri and Hanley (2005), Contreras
and Betz (2016), and Wiskow and Donaldson (2016). The average number of different
responses per intensity level was calculated by dividing the number of different responses
within a probe by the number of different intensity levels presented in the probe; for
instance, if two levels (i.e., 3 and 5) were presented during the novel body part probe and
the participant emitted four different responses (e.g., “3,” “4,” “5,” and “6”), the average
number of responses per intensity level was 2. If the participant emitted two distinct
responses to two distinct stimuli, this was graphed as an average of 1 response per intensity
level.
In addition to these measures of variability, we added two summary measures for
all seven participants: (a) variability score and (b) discrimination score. Variability scores
for all participants were derived from each participant’s individual response and range
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graph. For each participant’s responses to each presented intensity level (i.e., Levels 1, 2,
3, 4, and 5), we calculated the range by subtracting the minimum response from the
maximum response. We then summed the ranges of responses from each level and divided
that sum by 5 to obtain an average of the five ranges. We calculated this average of the
ranges for each sensation within each participant’s data set, including all responses from
the pre- and post-test generalization probes. Once we had calculated a pre- and post-test
average range for each sensation for each participant, we subtracted the post-test average
from the pre-test average; we called the resulting difference a “variability score.” A
positive variability score indicated a decrease in variability from pre- to post-test. A
negative variability score would have indicated an increase in variability from pre- to posttest.
Discrimination scores for all participants were derived from the same data
contained in each participant’s column graph displaying their average number of responses
per intensity level. Specifically, an additional average was obtained by summing the
average number of responses per intensity level for each participant’s data sets and
dividing by 5; these values remained separated by sensation. We then subtracted 1 from
each average value. This difference would have resulted from subtracting 1 from each
original average and averaging those differences, as well. The resulting value was
considered the pre- or post-test “discrimination score.” For the discrimination score,
smaller (i.e., closer to zero) absolute values indicated discrimination closer to exactly 1
response per presented intensity level (i.e., better discrimination).
Interobserver Agreement Data. An independent observer collected interobserver
agreement data for one session (50%) in the pre-experimental assessment phase, three
baseline sessions (33.3%), two teaching sessions (50%), and seven pre- or post-test
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generalization probe sessions (38.9%), resulting in agreement data for 13 of 37 (35.1%)
pilot sessions. Trial-by-trial agreement data were calculated by counting the number of
agreements between the two researchers and dividing that number by the total number of
trials in the session, and then multiplying that quotient by 100 to obtain a percentage. The
resulting average agreement score for the pilot participant’s data was 97.7% (range = 90%100%).
Treatment Integrity Data. The research assistant for the pilot study was a trained
behavior analysis graduate student. Prior to scoring agreement and treatment integrity data,
he was required to demonstrate 100% correct implementation of the baseline/generalization
and teaching procedures, as well as data collection. Treatment integrity data were collected
to ensure that the correct stimuli were used for the session, whether the correct intensity
was applied as prescribed for each trial, and, during the teaching phase, whether the
researcher provided prompts and consequences as specified. The treatment integrity
checklists for baseline, pre- and post-test generalization probes, and teaching sessions can
be found in Appendix A. Treatment integrity data were collected for one session (50%) in
the pre-experimental assessment phase, three baseline sessions (33.3%), two teaching
sessions (50%), and seven pre- or post-test generalization probe sessions (38.9%), resulting
in treatment integrity data for 35.1% (13) of the 37 pilot sessions. The treatment integrity
score was calculated by dividing the number of steps completed correctly in each session
by the total number of possible steps and multiplying that quotient by 100 to obtain a
percentage. The resulting average treatment integrity score for the pilot participant’s data
was 100%.
Additionally, a pre- and post-session checklist (Appendix B) was completed to
measure preparation for each whole visit. If any items on the pre-session checklist were
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incomplete prior to the visit, the session could not be run. Those items included preparing
the video recording device, completing the session log, and gathering and preparing all the
correct materials.

Experimental Design
This study employed a multiple baseline design (Johnston & Pennypacker, 2009)
across two stimulus sets to evaluate effects of the teaching procedure on numerical tacts of
intensity. In the first tier of the multiple baseline, the experimenter conducted three
baseline sessions, and in the second tier, the experimenter conducted six baseline sessions
for the second stimulus set, staggering the introduction of the intervention across tiers. In
each tier, the participant experienced baseline and pre-test generalization probes, followed
by a teaching phase consisting of prompt sessions and probe sessions, and finally, post-test
generalization probes. Pre- and post-test generalization probes included a no-comparison
probe, probes for abstraction to novel stimuli, stimulus generalization to novel body parts,
and generalization to novel intensities and novel intensities of novel stimuli.

General Session Procedures
Each visit lasted between 30 and 75 min. Visits were scheduled to last no more
than 2 hr. Roger attended five total visits. Each 10-trial session lasted between
approximately 2 and 7 min. After the first visit, the inter-trial intervals (ITI) and intersession breaks were decreased, decreasing the duration of sessions. The ITIs were initially
15 s, but decreased to 5 s or fewer after the first visit. Initially, we implemented longer ITIs
to allow ample time between stimulus presentations, but later determined that closer
presentations (i.e., shorter ITIs) could aid discrimination training; given that Cholewiak
(1999) demonstrated that a few seconds between trials may be sufficient, we decreased the
ITI. Similarly, we decided to decrease the time between sessions because long periods
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without contacting the stimuli were unnecessary; inter-session breaks were initially 3 min
but decreased to 1 min after the first visit.
Roger arrived at the research room and sat at a table across from the experimenter.
The study materials were kept in a closed shoebox beneath the surface of the table on the
experimenter’s side. The GoPro was positioned to capture the stimuli and the participant’s
targeted body part. A stimulus box, displayed in Figure 8, was positioned in front of the
participant. The stimulus box was used to conceal visual features of the stimuli from the
participant (e.g., Belisle et al., 2018; Yoshioka et al., 2001). The box was taped open so
that its perpendicular angle faced away from the participant. A small, wrist-sized hole was
cut in the box on the side facing the participant. Thus, the participant could reach his hand
into the box, and the experimenter could see the participant’s hand contacting stimuli
within the box. The stimuli were always applied or touched from the same distance and
approximately the same amount of pressure as estimated by the experimenter or the
participant.
At the start of each session, the experimenter read a phase-specific script to the
participant. Appendix C displays the scripts.

Phases
Pre-experimental Assessment and Target Selection. During the preexperimental assessment, the experimenter asked the participant to select two body parts
for each stimulus set: one trained, and one reserved for pre- and post-test generalization
probes. The same body part could be chosen for two stimulus sets if applicable (e.g.,
feeling rough stimuli and wet stimuli with fingertips). The body parts were selected from
the subset of body parts that would likely be exposed in public, such as the arms, hands,
shoulders, calves, shins, and feet. For the teaching targets, Roger chose to feel rough
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stimuli with his left-hand fingertips, and the tight stimuli were placed around his left wrist.
Initially, for body part generalization probes, Roger attempted to feel rough stimuli with
the back of his hand, but as this position was uncomfortable, body part generalization
probes were conducted with his other hand. For body part generalization probes for the
tight stimulus set, Roger selected his left ankle.
The data sheets (see Appendix D) displayed predetermined target presentation
orders arranged using a random number generator. For sessions in which all five possible
intensity levels were presented (i.e., 1 through 5), all five levels were presented in a
randomly determined order, and were then presented again, resulting in two exposures to
each level. For sessions in which two possible intensity levels were presented (e.g., 2 and
4), both levels were presented in a randomly determined order (e.g., 4, 2), and this
randomization continued five times, for 10 trials, resulting in trial orders such as the
following: 2 – 4 – 4 – 2 – 4 – 2 – 2 – 4 – 4 – 2.
For Roger, the teaching targets were Levels 3 and 5 of roughness of sandpaper felt
by his left-hand fingertips and Levels 3 and 5 of tightness of a Velcro cable tie around his
left wrist. Roger’s generalization targets were Levels 2 and 4 of roughness of sandpaper
(fingertips), Levels 3 and 5 of roughness of files (fingertips), Levels 2 and 4 of roughness
of files (fingertips), Levels 3 and 5 of sandpaper roughness felt by the right-hand
fingertips, Levels 2 and 4 of cable tie tightness, Levels 3 and 5 of tightness on a watch
strap (left wrist), Levels 2 and 4 of tightness on a watch strap, and Levels 3 and 5 of cable
tie tightness around the left ankle.
No-comparison Probe. During the no-comparison probe of the pre-experimental
assessment, Roger was presented with and asked to tact Levels 1, 2, 3, 4, and 5 of both
teaching subsets (sandpaper and cable tie). For the sandpaper (and file in subsequent
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phases), Roger touched the stimuli once they were placed into the box where his hand was.
For the cable tie (and watch strap in subsequent phases), the experimenter placed the
stimulus around his wrist and tightened it to the mark indicating the appropriate level for
that trial.
The no-comparison probe was used as an initial measure of whether Roger’s
intensity tacts corresponded with the experimenter’s assigned intensity tacts. Roger
demonstrated variability in his responses by responding differently to the same stimulus
(e.g., saying “7” when presented with Level 4 the first time and saying “5” the second
time), so he continued his participation in the study. This probe differed from subsequent
phases because there was no Level-1 comparison stimulus presented prior to the 10-trial
block; Level 1 was presented as an unknown target along with the other four intensity
levels. Trials were presented in a randomly determined order; for example, trials might
have been presented in the following order: 1 – 3 – 5 – 4 – 2 – 2 – 4 – 3 – 5 – 1.
The experimenter provided the following script at the start of each no-comparison
probe session: “During this session, you will experience [stimulus] on your [body part].
Please do not look at the study materials, and feel free to close your eyes during trials.
After each trial, you can take a 15- to 60-s break and you can use your phone or do
whatever you want. After the 10-trial session, you will be provided with a 3-min break.”
For the second no-comparison probe at the end of the study, the ITI and inter-session break
were shorter, and the script was adjusted accordingly.
At the start of the first trial, simultaneously with the presentation of the first
intensity level, the experimenter provided the instruction: “On a scale of 0 to 10, with 0
being no amount and 10 being the highest amount possible, how much
[roughness/tightness] do you feel?” After the first trial, the instructor provided briefer
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instructions, such as “What level do you feel now?” or “How tight does this one feel?”
After the instruction, stimulation continued for up to 10 s or until the participant
responded, whichever came first.
During the no-comparison probes, the experimenter never provided a prompt (i.e.,
information about the intensity level) or consequence (i.e., feedback about whether the
participant responded correctly or incorrectly). The experimenter either did not respond or
said something along the lines of “Okay, here’s the next one.” After each response, the
experimenter collected data; the stimulus was removed; and the next stimulus was
prepared.
Baseline. Baseline sessions were identical to the no-comparison probe sessions,
with the following exceptions: (a) the experimenter presented a level-1 comparison
stimulus to the participant once before the 10-trial session, and (b) the experimenter only
tested the two training levels (3 and 5). Thus, the experimenter presented the following
script at the start of the session, then presented the Level 1 intensity stimulus:
During this session, you will experience [stimulus] on your [body part]. Please do
not look at the study materials, and feel free to close your eyes during trials. After
each trial, you can take a 15- to 60-s break and you can use your phone or do
whatever you want. After each 10-trial session, you will be provided with a 3-min
break. First, I am going to let you feel what we decided is a Level 1 intensity for
[stimulus].
Similar to the previous phase, this script was modified when we modified the ITIs and
inter-session break durations.
Then, at the start of the first baseline trial, the experimenter provided the following
instruction: “On a scale of 0-10, with 0 being no amount and 10 being the highest amount
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possible, how much [pressure/intensity/roughness] do you feel?” During subsequent trials,
the experimenter simply asked something along the lines of “How [sensation] does this
feel?” or “What level of [sensation] do you feel now?”
The experimenter conducted three baseline sessions for Subset 1 (rough –
sandpaper) and six baseline sessions for Subset 2 (tight – cable tie). Baseline sessions
alternated with pre-test generalization probe sessions. Once the baseline data were stable
and variability of responding to intensity levels within the stimulus set was ensured, the
study progressed to the teaching phase.
Teaching. Sessions in the teaching phase followed a similar structure to baseline
sessions; the same intensity targets (3 and 5) were presented and a comparison stimulus
was provided at the start of the session. However, the teaching phase included prompting.
During two prompt sessions, the experimenter told the participant what each intensity level
was. For example, the experimenter said, “This is a 5,” while the participant touched the
sandpaper assigned a roughness level of 5. The experimenter read an adjusted script
including a description of the teaching phase at the beginning of each prompt session.
After presenting a Level 1 intensity, the experimenter presented each of the
training targets five times each, resulting in the 10-trial session. No instruction was
presented before the prompt. For the first trial, the experimenter stated, “On a scale of 010, with 0 being no amount and 10 being the highest amount, this is a level [#] of
[roughness/tightness].” During subsequent trials, the experimenter simply stated the
number. The stimulus was presented for 3 s or until the participant said, “OK,” “Got it,” or
something similar. If the participant would have responded vocally by repeating the
number, the experimenter would not have provided feedback.
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After two 10-trial sessions during which the experimenter provided the intensity
level but did not require a response, a probe session occurred. The procedures were similar
to those in the baseline phase, except for the addition of a consequence. At the start of the
probe session, the experimenter presented a Level 1 stimulus and stated, “Each time you
feel the [sandpaper/cable tie], please tell me on a scale of 0 to 10, with 0 being no amount
and 10 being the highest amount possible, how much [roughness/tightness] you feel. This
is a Level 1.” When the participant responded during each of the 10 trials, the experimenter
delivered a consequence. If the participant responded correctly by stating the assigned
number, the experimenter said, “Yes, that’s a 3” or “Yes, that’s a 5.” If the participant
responded incorrectly by saying a different number that did not match the current target,
the experimenter responded by saying, “No, that’s actually a 3” or “No, that’s actually a
5,” while stimulation continued.
If the participant scored less than 80% correct or more than one trial incorrect per
intensity level, we would have conducted two additional prompt sessions, followed by
another probe. If the participant scored greater than 80% with no more than one trial
incorrect per intensity level, we conducted a second probe. If the second probe met the
same criteria, the targets were considered mastered and we progressed to the generalization
phase.
Pre- and Post-Test Generalization Probes. Pre-test generalization probes were
conducted between baseline sessions and post-test generalization probes occurred after
mastery of the teaching targets. Four types of generalization probes (in addition to the nocomparison probe) were included in pre- and post-tests.
Derived Relational Responding to Novel Intensities: 2 and 4 from Subset 1. The
experimenter conducted probes to test whether Roger could tact intensity Levels 2 and 4
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from the teaching subsets (sandpaper and cable tie), on the same body part used in
teaching.
Abstraction to Novel, Similar Stimuli: 3 and 5 from Subset 2. In this probe, the
experimenter tested whether Roger could tact intensity Levels 3 and 5 from the
generalization subsets (files and watch strap), on the same body part used in teaching.
Derived Relational Responding to Novel Intensities with Novel Stimuli: 2 and 4
from Subset 2. During this probe, the experimenter tested whether Roger could tact
intensity Levels 2 and 4 from the generalization subsets (files and watch strap), on the
same body part used in teaching.
Stimulus Generalization to Novel Body Parts: 3 and 5 from Subset 1. During this
probe, the experimenter tested whether Roger could tact intensity Levels 3 and 5 from the
teaching subsets, but on novel body parts (right-hand fingertips and ankle).
Social Validity Questionnaire. Following the study, Roger was provided with a
social validity questionnaire, completed at the time of debrief. The form is displayed in
Appendix E. Roger’s responses indicated that he strongly agreed with statements
indicating that he found the procedures acceptable, he thought the study would be
acceptable to use with individuals with limited communication skills, he thought the
procedures could help teach children with ASD to tact intensity, he believes the skill taught
in this study is an important communication skill, and the sensations in the study were
similar to pain but were not actually painful.

Results
Figure 9 displays Roger’s percentage of correct tacts during each session.
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Rough
During the no-comparison probe during the pre-experimental assessment, Roger
responded correctly during 20% of trials, and displayed variability by reporting Levels 1
through 5 incorrectly and as levels ranging between 1 and 8. He also reported Level 1 as
both “2” and “1,” and Level 3 as both “6” and “3.” In the no-comparison post-test probe,
he scored 60% correct. See below for further description of variability in the rough
stimulus set. During the baseline phase for the rough stimulus set, Roger scored 60%, 60%,
and 50%. Although he responded correctly during at least half of the baseline trials, he
responded variably to both stimuli by reporting a 5 as “6,” “5,” “7,” and “4,” and 3 as “4,”
and “3.” After the two prompt sessions, when probe sessions with feedback were
conducted, Roger immediately scored 100%; when a second probe was conducted, he
scored 100% again, reaching mastery of intensity Levels 3 and 5 for sandpaper roughness.
Roger scored 30% on the pre-test generalization probe for derived relational
responding (DRR) to novel intensities (2, 4 Subset 1) and 0% on the post-test. He scored
40% on the pre-test for abstraction (3, 5 Subset 2) and 0% on the post-test. Roger scored
50% on the pre-test for DRR to novel intensities with novel stimuli (2, 4 Subset 2) and
60% on the post-test. He scored 60% on the pre-test for stimulus generalization to a novel
body part (3, 5 Subset 1) and 100% on the post-test.

Tight
During the no-comparison probe during the pre-experimental assessment, Roger
responded correctly during 60% of trials, and displayed variability by reporting the levels
incorrectly and as levels ranging between 1 and 8. He also reported Level 2 as both “2” and
“1,” Level 3 as both “5” and “3,” and Level 5 as both “7” and “8.” In the no-comparison
post-test probe, he scored 40% correct. See below for further description of variability in
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the tight stimulus set. During the baseline phase for the tight stimulus set, Roger responded
correctly during an average of 28.3% of trials (range: 10%-60%). He responded variably to
both stimuli by reporting a 5 as “7,” “6,” “8,” “5,” and “4,” and 3 as “3,” “2,” “4,” “5,” “6,”
and “1.” After the two prompt sessions, when probe sessions with feedback were
conducted, Roger immediately scored 100%; when a second probe was conducted, he
scored 90%, reaching mastery of intensity Levels 3 and 5 for cable tie tightness.
Roger scored 50% on the pre-test generalization probe for DRR to novel intensities
(2, 4 Subset 1) and 0% on the post-test. He scored 10% on the pre-test for abstraction (3, 5
Subset 2) and 100% on the post-test. He scored 10% on the pre-test for DRR to novel
intensities with novel stimuli (2, 4 Subset 2) and 0% on the post-test. Roger scored 20% on
the pre-test for stimulus generalization to a novel body part (3, 5 Subset 1) and 80% on the
post-test.

Variability
Figure 10 displays each of Roger’s different responses during the five
generalization probes both before and after the teaching phase, for the rough stimulus set.
The responses were separated and displayed according to the five presented intensity
levels. The means and ranges for each intensity level are displayed, as well. For Levels 1,
2, 3, and 5, the range of responses reported decreased from pre- to post-test generalization
probes; for Level 4, the range remained the same. In Levels 2 and 3 as well as Levels 4 and
5, Roger’s post-test mean reported intensity tacts were nearly equal. In the post-test probe
for DRR to novel intensities in the rough set, a 30% decrease in correct responding was
observed; however, during each instance Level 2 intensity was presented, Roger reported
“3” and during each instance that Level 4 intensity was presented, Roger reported “5.”
Similarly, in the post-test abstraction probe in the rough set, Roger’s correct responding
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decreased 40%; however, he reported “2” (a novel intensity) during five out of five (i.e.,
100%) presentations of intensity Level 3, and he reported “4” during four out of five (i.e.,
80%) presentations of intensity Level 5.
Figure 11 displays similar data for the tight stimulus set. For Levels 2, 3, 4, and 5,
the range of responses reported decreased from pre- to post-test generalization probes; for
Level 1, the range remained the same. In the post-test probe for DRR to novel intensities in
the tight set, a 50% decrease in correct responding was observed; however, during four out
of five presentations of the Level-2 intensity, Roger reported “1” (he reported “3” during
the other instance), and during four out of five presentations of the Level 4 intensity, he
reported “3” (he reported “5” for the other instance).
Figure 12 shows the average number of responses per intensity level for the rough
stimulus set for pre- and post-test generalization probes. The average number of responses
per level decreased in all generalization probes except for the probe of DRR to novel
intensities with novel stimuli. Figure 13 shows similar data for the tight stimulus set. For
the tight stimulus set, the average number of responses per level decreased between preand post-test in all five probes. More specifically, in the rough set, three out of five probes
were closer to 1 in the post-test probes than in the pre-test probes. In the tight set, four out
of five probes were closer to 1 in the post-test probes than in the pre-test probes.
Table 4 displays Roger’s variability scores and Table 5 displays Roger’s
discrimination scores. Roger’s positive variability scores suggest decreased variability
from pre- to post-test in both stimulus sets. His discrimination scores decreased from preto post-test in both stimulus sets, as well, suggesting improved discrimination throughout
the study.
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Summary
For both teaching sets, Roger performed at mastery levels within four teaching
sessions. One notable feature of Roger’s data was that at the start of the study, he reported
a broader range of intensities (i.e., 1 through 8); by the end of the study, he only reported
sensations up to Level 5. Post-test probe scores indicated that generalization may have
occurred in the following areas, based on the criteria of at least a 30% increase from pre- to
post-test and at least 60% correct responding in the post-test: abstraction (tight), stimulus
generalization to novel body parts (rough and tight), and the no-comparison probe to all 5
levels (rough). However, Roger’s post-test probe scores were insufficient to indicate
generalization in the following areas: DRR to novel intensities 2 and 4 (rough and tight),
abstraction (rough), DRR to novel intensities with novel stimuli (rough and tight), and the
no-comparison probe to all 5 levels (tight). Finally, of the 100 total trials of post-test
generalization probes conducted, Roger was only more than 1 level removed (e.g., tacting
“2” when presented with intensity Level 4) from the correct intensity during six trials; thus,
during 94 trials (i.e., 94%), he was either correct or his incorrect response was removed
one level from the correct intensity level (e.g., tacting “2” when presented with intensity
Level 3).

Participant Feedback
Roger provided the following feedback about the study in general during the
debrief meeting. Roger could not tell that the cable tie and watch strap were different
objects, but he could tell that the sandpaper and files were different objects. He also
indicated that tacting the tight stimuli was challenging; because the experimenter adjusted
the tightness of the cable tie or watch strap around the wrist, the material had two main
points of contact around the limb. Roger suggested that the way our tight stimuli produced
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sensation was impacted by whether or not his hand was on the table at the time of
stimulation, and he estimated tightness based on the amount of pull he felt when he moved
his wrist. He suggested tight stimuli be placed around the finger rather than the wrist to
apply equal pressure on all sides of the stimulated limb. Roger also suggested using various
weighted stimuli (e.g., 1 oz, 3 oz, 5 oz) to teach reports of varying levels of heaviness.
Finally, Roger stated that, in addition to feeling the comparison stimulus 1 before sessions,
it would be helpful to feel the upper anchor 10.

Discussion
The purpose of the present study was to conduct a preliminary evaluation of
procedures for teaching individuals to tact intensities of stimulation and for assessing
generalization of tacts to other stimuli, intensities, and body parts. The procedures
employed led to mastery of the taught targets and generalization to novel body parts for
both stimulus sets, rough and tight. However, generalization probes of novel stimuli, novel
intensities, novel stimuli and intensities, and all intensities without a comparison were
inconsistent within and across stimulus sets.
The second purpose of conducting the pilot experiment was to identify whether
generalization would occur across stimulus sets. Complications often arise (e.g., attrition;
Johnston & Pennypacker, 2009) in multiple baseline designs across participants.
Additionally, when conducting sessions with adult participants, it is often practical for the
participant to attend sessions for 1 to 2 hr at a time less frequently, as opposed to attending
brief sessions daily; thus, concurrent multiple baseline designs across participants may be
challenging. Therefore, we wanted to assess whether experimental control could be
demonstrated within a multiple baseline across stimulus sets within a single participant’s
dataset. Specifically, we wanted to observe whether any increases in correct responding
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would occur in the baseline phase for the second stimulus set (i.e., the second tier of the
multiple baseline) when the teaching phase began in the first tier. Although we observed a
slight increase to 60% correct responding in the second tier immediately after
implementing the prompting procedure in the first tier, this score did not meet our mastery
criteria and correct responding dropped to 30% in the subsequent baseline session.
Therefore, we decided to move forward with a multiple baseline across stimulus sets for
the future adult participants in Experiment 1.
Lack of discriminability between stimuli may have influenced the inconsistent
generalization-probe results. For example, it is possible that within the stimulus sets,
intensities 1 and 2 or 3 and 4 felt similar. Therefore, although the teaching intensities (3
and 5) were discriminable enough for Roger to master after being prompted, when similar
intensities were introduced, he may not have detected that new intensities were being
presented or that they were relatively higher or lower intensities than the learned
intensities. Ackerley et al. (2012) found that at increasing levels of wetness, participants
could more easily discriminate between intensities. It is possible that in the present study,
the intensity levels were similar and also not intense enough to be sufficiently
discriminable.
It is important to note that we somewhat arbitrarily assigned relative values to each
stimulus, and that the ultimate goal of this study is for children to tact intensities without
direct teaching and in response to being asked how intense something feels. As shown in
Figures 10 and 11, as the assigned intensity values increased, our participant’s reported
means and maximum reported intensities increased as well. This suggests that the
participant accurately judged the relative intensity of stimuli although each stimulus (i.e.,
intensity level) was presented independently. Similar to Tu et al. (2016), the participant’s
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relative reports coincided with the experimenter’s intensity tacts. Based on Roger’s
findings, in the other experiments, we assigned values from a greater range of non-painful
stimuli; for example, the grit sizes that were designated as 1 and 5 for sandpaper and files
could have been assigned as 2 and 4 in the upcoming experiment; the grit sizes assigned in
the other experiments are described later. Assignments were still relative and systematic,
but the goal was to make them more discriminable from each other to promote
generalization to novel intensities.
Roger generalized intensity tacts to novel body parts in both the rough and tight
stimulus sets. This aligned with Ackerley et al.’s (2012) finding that participants’ body
parts did not impact detection of wetness levels. Similarly, the present findings aligned
with Rajagopal et al. (2021); in addition to generalization to novel body parts, abstraction
to novel stimuli occurred in the tight stimulus set, and we did not observe consistent
generalization to novel intensities. The aim of these research studies is for individuals with
communication difficulties to tact sensations without direct teaching. Thus, it is important
that this study and future studies attempt further interventions that promote generalization
to novel sensations and intensities prior to directly teaching targets originally targeted for
generalization.
When increasing the discriminability of stimuli did not sufficiently produce
generalized responding to novel intensities and stimuli, we implemented other procedures
(in Experiments 2 and 3 only). For instance, we implemented a procedure to encourage
generalization by exclusion (e.g., Stromer & Stromer, 1989); in this arrangement a
generalization target (e.g., Level 4) was presented in an array with the mastered teaching
stimuli (e.g., 3 and 5). The experimenter asked the participant to feel all stimuli in the array
and to tact the level that was not already mastered. Another way to evoke tacts of novel
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intensities without direct teaching is to implement a procedure to transfer stimulus control
from a listener response to a tact (e.g., Barbera & Kubina, 2005). Although we did not
implement this procedure in the present study, the experimenter could present all five
intensity levels from a stimulus subset and prompt selection of the correct intensity level
after providing an instruction such as “Touch 4.” After selection of the correct intensity
and while the child is still touching the stimulus, the experimenter could provide praise and
then ask, “What number do you feel?” Following mastery of the generalization targets as a
listener, tacts of the novel intensities could be probed alone. Selection of additional
procedures depended on the learner and the type of stimulus the learner struggled to learn.
Aside from potential issues with stimuli, one other limitation of this study is that it
did not take place in a natural setting where a medical professional might ask for
information about pain intensity. This could limit generalization to novel settings. Our
future directions included continuing to evaluate and refine our procedures and
implementing the procedures with different populations, including children with ASD.
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Chapter 3
Experiment 1
Method
Purpose
The purpose of Experiment 1 was to extend a modified but similar version of the
methodology from the pilot study to two additional participants, to assess patterns of
generalization and to continue to improve and adjust our teaching arrangement before
implementing it with children.

Participants and Setting
The other two participants in Experiment 1 were also typically developed adults.
The participants were recruited using fliers and word of mouth. We did not exclude
individuals based on gender, ethnicity, or educational background. Due to difficulties
recruiting and conducting sessions during the COVID-19 pandemic-imposed quarantine,
research assistants played a greater role in assisting with recruitment and conducting
sessions than they otherwise would. Informed consent and debrief meetings for
Experiments 1, 2, and 3 were conducted through a video-conferencing platform (i.e.,
Zoom).
Alex was a 21-year-old typically developed cisgender woman who identified as
Colombian, Puerto Rican, and Hispanic. She was an undergraduate senior who spoke
English and understood Spanish. Jamie was a 23-year-old typically developed cisgender
man who identified as Latin. He had his bachelor’s degree and spoke English and Spanish.
At the time of this study, Jamie was in training in the hospitality industry.
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Alex’s sessions took place in the research assistant’s home, in a living room
adjacent to a kitchen area. The experimenters used a microwave, a dual-zone miniature
refrigerator, the kitchen sink, and the ice and water dispensers located in the family’s main
refrigerator to prepare the materials for the temperature stimulus set. The research assistant,
experimenter, and participant were present during sessions.
Jamie’s sessions took place in the lab area of a university classroom building. The
research assistant was present in the same lab room as the participant but sat across a large
(approximately 4 ft [1.2 m]) table from him during sessions. The experimenter observed
sessions from a hallway or from a room opposite the lab room. The materials for the
temperature stimulus set were prepared using the university’s cold/hot water dispenser.

Experimental Design
As in the pilot study, a multiple baseline across stimulus sets was used for each
participant.

Procedural Modifications and Clarifications
Stimuli. The rough stimulus sets were adjusted to increase discriminability and
add a smooth stimulus as Level 1 for both files and sandpaper. We added heavy and
temperature stimulus sets, as well. Table 2 lists the magnitudes of the stimulus sets used in
Experiment 1 matched by intensity.
Heavy Stimulus Sets. Figure 14 displays the weighted stimulus sets. The two
subsets were identical water jugs with plastic handles, filled with different amounts of
water, and identical brown bags filled with different amounts of chain links. For the water
jug subset, we used five 1-gallon (3.78-L) Good & Gather™ jugs of purified water with
plastic handles. We labeled the lid of the jug with the intensity level. For the chain-link
subset, we used five small, identical brown Spritz™ gift bags. The gift bags contained the
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chain, the sides were taped at the top of the bag using masking tape to ensure that the bags
appeared uniform in expansion size, and a small label was placed on one side of the bag to
mark the intensity level. Different amounts of Everbilt™ 5/16-in. (.79-cm) steel chain were
inside each of the bags.
Temperature Stimulus Sets. Figure 15 displays the temperature stimulus sets. The
two subsets were water and gel packs. The water was contained in identical 30-oz Zak!
designs® double-wall stainless steel tumblers and poured into identical white 3-oz SOLO®
cups during each trial. The experimenter filled the cup approximately one quarter full and
the participant dipped a finger into the water. The other subset consisted of IceWraps 4-in.
(10.16-cm) round reusable hot-cold gel packs with cloth backing. Participants always
contacted the gel side. A clean towel or paper towel was always next to or inside of the
stimulus box for the participant to wipe their hand between trials. Prior to each 10-trial
session, we used a Taylor® folding-stem, digital-display food thermometer to ensure that
each stimulus fell within a predetermined range for that temperature. Table 2 displays the
temperature ranges for each intensity level.
According to Eliav and Gracely (2008), discomfort can occur when individuals
contact temperatures less than 59° F and greater than 113° F, and that tissue damage can
occur when exposed to temperatures less than 32° F and greater than 122° F. Therefore, the
temperatures of our stimuli were never below 32° F and never exceeded 110° F. Although
Eliav and Gracely (2008) noted that temperatures less than 59° F could cause pain in some
individuals, Brown et al. (1973) conducted a study with 52 female nursing students; on
average, when these participants felt a cold stimulus between 0° and 1° C (32° to 33.8° F),
they did not report that they felt pain until approximately 39 s following initial exposure to
the cold stimulus, and continued to tolerate it for up to an average of 85 s. The duration of
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cold exposure in our study was always less than 10 s, usually only between 1 and 5 s, a
duration that would be unlikely to induce pain; additionally, the participants were always
free to remove their hands from the stimulus. Further, while testing the temperatures and
ranges of the stimuli, the experimenter contacted each stimulus many times, and the
temperatures used in our study never produced pain or discomfort for the experimenter.
Additionally, we administered social validity surveys to all three of the adult participants
prior to presenting the stimuli to children, and all three adults selected “1” in response to
the statement “The stimulation in this study was painful.” The parents of the children
contacted the stimuli and also indicated that the stimuli were unlikely to be painful.
Finally, the coldest intensity was produced by combining ice with water, a combination
that children frequently contact in their daily lives.
Prior to Experiments 1, 2, and 3, every other day for two weeks, the experimenter
prepared the temperature stimuli in her kitchen. She prepared the stimuli using a
microwave, refrigerator, freezer, and kitchen sink. Specifically, for the coldest stimulus
(Level 1), she obtained ice from the freezer and placed it in a tumbler with roomtemperature water. For the slightly less cold stimulus (Level 2) she placed a glass of water
in the refrigerator for 15 to 30 min and then poured it into a tumbler. For the roomtemperature stimulus (Level 3), she dispensed water from the kitchen sink tap directly into
the tumbler. For the warm stimulus (Level 4), she microwaved water for between 10 to 30
s in a glass, then deposited the water into a tumbler. For the hot stimulus (Level 5), she
microwaved water for up to 75 s and then poured it into a tumbler. While these procedures
reflected the initial determination of stimulus temperatures and ranges, each different
location where sessions were run required a slightly different procedure for stimulus
preparation and varied in frequency of re-preparing the stimuli. Variation in stability of
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temperatures and ranges could have been due to differences in ventilation and thermostat
settings.
After initial preparation of the stimuli, the experimenter measured and recorded the
temperature of each stimulus every 15 min for 2 hr. The point at which the temperature
began to increase (Levels 1 and 2) or drop (Levels 4 and 5) was recorded as well. This
process was used to identify the overall ranges of temperatures that maintained for 1 to 2 hr
per intensity level and continued to feel discriminable from the other intensity levels. For
example, even if the temperature of Level 5 decreased by several degrees, it should have
still felt different from the upper range of Level 4 and also similar to the upper range of
Level 5. Similarly, even if Level 1 increased by several degrees, it should have continued
to feel similar to the lower range of Level 1 and different from the lower range of Level 2.
Because of the need for participants to effectively discriminate between the levels, a few
degrees separated each level. These gaps between the ranges can be observed in Table 2.
The final temperature ranges for the water and gel packs were: (a) Level 1: 32 to 50°
Fahrenheit, (b) Level 2: 55 to 70° Fahrenheit, (c) Level 3: 72 to 82° Fahrenheit, (d) Level
4: 85 to 97° Fahrenheit, and (e) Level 5: 100 to 110° Fahrenheit.
The gel packs were prepared in a similar manner, by either being frozen,
refrigerated, or microwaved. However, the gel packs tended to only remain at a stable
temperature for 5 to 10 min and therefore needed to be kept in the freezer or refrigerator or
be microwaved again immediately prior to each session. After completing sessions with
Alex, Jamie’s sessions took place in a location that did not have appliances readily
available; therefore, once the water stimulus subset was prepared, the gel packs were
placed inside the tumblers within the water, where they remained at a stable temperature.
When the gel packs were kept in the water, the experimenter removed the gel packs needed
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for the next session immediately before the session started and dried them off with a towel
before presenting them to the participant. This system was adopted in Experiments 2 and 3;
however, we later realized that the gel pack temperatures remained increasingly stable
when returned to the thermoses between trials, and therefore began removing the packs and
drying them off prior to each trial presentation. Due to the instability and challenges in
preparing the gel packs, in Experiments 2 and 3, the gel packs were only used in
generalization probes rather than during teaching.
In addition to measuring the temperatures at the start of each visit during
preparation, during every visit, the experimenter measured the temperature of each
stimulus before each individual temperature session for either 10 sessions or 1 hr
(whichever occurred first) until the temperature was determined stable within the
predetermined range. Subsequently, the experimenter measured the temperature once every
three sessions and adjusted the stimuli as needed whenever a temperature was out of range.
Because of the potential for the water and gel pack temperatures to fluctuate slightly
between sessions, the experimenter always tried to begin visits with the Levels 1 and 2
stimuli at the lower temperature within their designated ranges and the Levels 4 and 5
stimuli at the higher temperature within their specified ranges.
A final feature of the temperature stimulus set that is important to note is that for
the probe of stimulus generalization to a novel body part, the experimenter dipped small
pieces of identically cut sponge in the water inside the tumblers and squeezed the water
onto each participant’s selected body part.
Target Selection. For Experiment 1, teaching and generalization stimulus sets
(e.g., sandpaper and files) were counterbalanced as displayed in Table 3. Additionally, we
counterbalanced which two intensity levels were taught versus tested (e.g., 4 and 5 versus 1
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and 2) using a list randomizer. Different body part generalization targets were selected, as
well, which are also displayed in Table 3. Because the skill of sensation tacting is most
easily, efficiently, and practically targeted when stimuli are felt by the fingertips/hand, we
recommended that each participant select their hand/fingertips for the teaching targets; all
participants agreed.
Pre-experimental Assessment: No-comparison Probe. If an individual had been
able to accurately report all intensities within a particular stimulus set, that set would have
been replaced. If intensity levels for two or more sets had been accurately reported, that
participant would have been released from the study. This did not occur.
Sessions. Although initially we began with a set duration of 15 to 60 s between
trials, to facilitate discrimination, ITIs for participants in Experiments 1, 2, and 3 remained
constant at approximately 5 s or shorter. Inter-session breaks were at least 1 min.
Order of Generalization Probes. The order of post-test generalization probes
remained constant across participants. The participants first experienced the probe for
abstraction, followed by the two probes involving novel intensities, the body part probe,
and finally, the no-comparison probe. Post-test probe presentation order remained constant
to control for potential order effects or sequence effects (Wolery et al., 2018). Specifically,
if we had counterbalanced the order of post-test generalization probes across participants
and found that performance was consistently highest in the first probe or after a specific
probe, for instance, we might have found it challenging to draw conclusions based on the
probe results.
COVID-19 Precautions. Prior to each session, the experimenter contacted the
participant or the parent of the participant and requested that they respond to the questions
in the screening questionnaire displayed in Appendix F. The screening results were entered
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into a spreadsheet that tracked any testing, symptoms, cancellations, and sessions held
during this period. If any of the parties involved in the study responded “yes” to either
screening question without an explanation unrelated to COVID-19 (e.g., confirmed
allergies causing similar symptoms), that day’s session was canceled. If the participant’s
workplace, school, or autism center was already conducting screenings for staff and clients,
those results were accepted if the sessions were held on site.
The preventative measures were captured in a safety checklist which the
experimenter completed prior to session, displayed in the pre-session checklist in
Appendix B. Additional precautions included avoiding physical prompts and other physical
contact with the child participants (e.g., minimizing use of edible and physical social
reinforcers such as tickles), conducting all consent, assent, and debrief meetings via the
videoconferencing platform Zoom, and the participants or parents of the participants were
required to sign a declaration of compliance with COVID-19 precautions prior to enrolling
in the study (see Appendix G). Finally, the experimenter always wore a mask and gloves,
disinfected all research equipment and surfaces (e.g., table, chairs, door handles) before
and after sessions, and made hand sanitizer and extra masks available to the participant. All
seven participants in the study wore masks during all sessions. If a participant had not
complied with wearing a mask, we would have fastened a plastic barrier to the table
between the participant and the experimenter; however, in this study, our stimulus box
(constructed of either foam or cardboard) served as an additional shield between the
participant and the experimenter. There were never more than three people in the research
room; we maintained several feet of distance between experimenters and participants
whenever possible.
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Interobserver Agreement Data. Agreement data were collected and calculated
the same as in the pilot experiment. An independent observer collected interobserver
agreement data for 45 of Alex’s 60 sessions (75%) and for 39 of Jamie’s 60 sessions
(65%). The overall average agreement scores were 100% (Alex) and 100% (Jamie).
Overall, in Experiment 1, agreement data were collected in 30 of 45 sessions (69.8%) in
the baseline phases, resulting in an average of 100% agreement. Agreement data were
collected in 48 of 63 sessions (67.2%) in the generalization phases, resulting in an average
of 100% agreement. Finally, agreement data were collected in six of 14 sessions (42.9%) in
the teaching phases, resulting in an average of 100% agreement.
Treatment Integrity Data. The treatment integrity data collection in Experiment
1 was identical to the pilot experiment. For Alex, treatment integrity data were collected
for 25 sessions (41.7%) and resulted in an average of 99.6% of steps implemented
correctly. For Jamie, treatment integrity data were collected for 22 sessions (36.7%) and
resulted in an average of 100% of steps implemented correctly. Overall, in Experiment 1,
treatment integrity data were collected in 16 of 43 baseline sessions (37.2%) and resulted
in an average of 99.8% of steps implemented correctly. The second observer collected
treatment integrity data in 22 of 63 (34.9%) generalization-phase sessions, resulting in an
average score of 100%. The observer collected integrity data in nine of 14 (64.3%)
teaching-phase sessions, resulting in an average score of 99.1% steps implemented
correctly.

Results
Alex
Figure 16 displays Alex’s percentage of correct tacts during each session.
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Heavy. In the no-comparison probe during the pre-experimental assessment, Alex
responded correctly during 30% of trials, and displayed variability by reporting Levels 1
through 5 incorrectly and as levels ranging between 0 and 9. She also reported Level 1 as
both “2” and “0,” Level 3 as both “5” and “2,” Level 4 as both “6” and “4,” and Level 5 as
both “7” and “9.” In the no-comparison post-test probe, she scored 30% correct. See below
for further description of variability in the heavy stimulus set. During the baseline phase
for the heavy stimulus set, Alex scored 10%, 0%, and 0%. She responded variably to both
stimuli by reporting a 4 as “6,” “5,” “4,” “3,” and “7,” and 5 as “9,” and “10.” After the
two prompt sessions, when probe sessions with feedback were conducted, Alex
immediately scored 100%; when a second probe was conducted, she scored 100% again,
reaching mastery of intensity Levels 4 and 5 for water jug heaviness.
Alex scored 20% on the pre-test generalization probe for abstraction (4, 5 Subset
2) and 0% on the post-test. She scored 10% on the pre-test for DRR to novel intensities (1,
2 Subset 1) and 50% on the post-test. Alex scored 0% on the pre-test for DRR to novel
intensities with novel stimuli (1, 2 Subset 2) and 40% on the post-test. She scored 0% on
the pre-test for stimulus generalization to a novel body part (4, 5 Subset 1) and 90% on the
post-test.
Temperature. In the pre-test no-comparison probe, Alex responded correctly
during 10% of trials, and displayed variability by reporting the levels incorrectly and as
levels ranging between 0 and 6. She also reported Level 2 as “2” and “5” and Level 5 as
“2” and “1.” In the no-comparison post-test probe, she scored 30% correct. See below for
further description of variability in the temperature stimulus set. During the baseline phase
for the temperature stimulus set, Alex scored 20%, 10%, 10%, 70%, 0%, and 0%, reporting
Level 4 as “0,” “3,” “2,” “4,” and “5,” and Level 5 as “4,” “5,” “6,” “8,” and “7.” After the
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two prompt sessions, when probe sessions with feedback were conducted, Alex
immediately scored 90%; when a second probe was conducted, she scored 100%, reaching
mastery of intensity Levels 4 and 5 for gel pack temperature.
In the temperature stimulus set, Alex scored 20% on the pre-test generalization
probe for abstraction (4, 5 Subset 2) and 50% on the post-test. She scored 0% on the pretest for DRR to novel intensities (1, 2 Subset 1) and 0% on the post-test. Alex scored 0%
on the pre-test for DRR to novel intensities with novel stimuli (1, 2 Subset 2) and 0% on
the post-test. She scored 50% on the pre-test for stimulus generalization to a novel body
part (4, 5 Subset 1) and 100% on the post-test.
Rough. In the no-comparison probe during the pre-experimental assessment, Alex
responded correctly during 20% of trials, and displayed variability by reporting the levels
incorrectly and as levels ranging between 1 and 8. She also reported Levels 1, 2, and 3 as
“1,” and she reported Level 3 as both “1” and “2.” In the no-comparison post-test probe,
she scored 30% correct. See below for further description of variability in the rough
stimulus set. During the baseline phase for the rough stimulus set, Alex responded
correctly during 0% of trials initially. Correct responding remained low (range: 0%-20%)
for five baseline sessions. Before the sixth baseline session, feedback was introduced for
correct and incorrect responding in the first tier (i.e., the heavy stimulus set) and Alex’s
correct responding in the rough stimulus set increased to 70%. Baseline further increased
to 100% for two sessions, then dropped to 0%. Feedback was then introduced in the second
tier (i.e., the temperature stimulus set), and Alex’s correct responding again increased to
100% in the rough stimulus set, maintaining at mastery levels for four sessions. We then
proceeded to the post-test generalization phase for the rough stimulus set.
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Alex scored 50% on the pre-test generalization probe for abstraction (4, 5 Subset
2) and 0% on the post-test for the rough stimulus set. She scored 30% on the pre-test for
DRR to novel intensities (1, 2 Subset 1) and 100% on the post-test. Alex scored 0% on the
pre-test for DRR to novel intensities with novel stimuli (1, 2 Subset 2) and 50% on the
post-test. She scored 20% on the pre-test for stimulus generalization to a novel body part
(4, 5 Subset 1) and 80% on the post-test.
Variability. Figure 17 displays each of Alex’s different responses in the 10 preand post-test generalization probes for the heavy stimulus set. For all levels, the range of
responses reported decreased from pre- to post-test. In the post-test abstraction probe, a
20% decrease to 0% was observed; however, during each instance Level 4 was presented,
Alex reported “5,” and each time Level 5 was presented, Alex reported “7.”
Figure 18 displays similar data for the temperature stimulus set. For Levels 1, 2, 4,
and 5, the range of responses reported decreased from pre- to post-test generalization
probes; for Level 3, the range remained the same (i.e., exactly one response was reported
on both probe trials). Alex’s responding remained at 0% correct for both the DRR to novel
intensities (with and without novel stimuli) probes. However, during these post-tests, when
presented with Level 1 for both the gel packs and water, Alex reported “6” during all ten
trials.
Figure 19 displays variability data for the rough stimulus set. For Levels 3, 4, and
5, the range of reported responses decreased from pre- to post-test generalization probes;
for Levels 1 and 2, the range remained the same. In the post-test abstraction probe, a 50%
decrease to 0% was observed; however, during each instance Level 4 was presented, Alex
reported “5,” and each time Level 5 was presented, Alex reported “6.”
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Figure 20 shows Alex’s average number of responses per intensity level for the
heavy stimulus set for pre- and post-test generalization probes; Figure 21 displays similar
data for the temperature stimulus set, and Figure 22 displays the rough stimulus set. In the
heavy set, three out of five probes in the post-test were closer to 1 than in the pre-test; in
the rough set, three out of five probes were closer to 1 in the post-test, and in the
temperature set, two of the post-test probes were closer to 1.
Table 4 displays Alex’s variability scores and Table 5 displays Alex’s
discrimination scores. Alex’s positive variability scores suggest decreases in variability
from pre- to post-test in all stimulus sets, with the greatest overall decrease in variability in
the temperature set. The absolute value of Alex’s discrimination scores decreased from
pre- to post-test in all sets as well, suggesting improved discrimination between pre- and
post-test.

Jamie
Figure 23 displays Jamie’s percentage of correct tacts during each session.
Rough. During the no-comparison pre-test probe, Jamie did not respond correctly
during any trials (i.e., 0%), and he displayed variability by reporting Levels 1 through 5
incorrectly and as levels ranging between 0 and 9. He reported Level 1 as both “4” and “2,”
Level 2 as both “0” and “1,” and Level 3 as both “1” and “4.” In the no-comparison posttest probe, Jamie scored 60% correct. See below for further description of variability in the
rough stimulus set. During the baseline phase for the rough stimulus set, Jamie scored
100%, 0%, and 0%. He responded variably to both stimuli by reporting a 1 as “0” and “1,”
and 2 as “1” and “2.” After the two prompt sessions, when probe sessions with feedback
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were conducted, Jamie immediately scored 100% during two consecutive sessions,
reaching mastery of intensity Levels 1 and 2 for file roughness.
Jamie scored 10% on the pre-test generalization probe for abstraction (1, 2 Subset
2) and 100% on the post-test. He scored 10% on the pre-test for DRR to novel intensities
(4, 5 Subset 1) and 10% on the post-test. Jamie scored 30% on the pre-test for DRR to
novel intensities with novel stimuli (4, 5 Subset 2) and 0% on the post-test. He scored 0%
on the pre-test for stimulus generalization to a novel body part (1, 2 Subset 1) and 80% on
the post-test.
Temperature. During the no-comparison pre-test probe, Jamie responded
correctly during 10% of trials and displayed variability by reporting Level 3 as “2” and “1”
and Level 4 as “4” and “2.” He also reported both Levels 1 and 2 as “0” and reported both
Levels 4 and 5 as “4.” In the no-comparison post-test probe, Jamie scored 50% correct. See
below for further description of variability in the temperature stimulus set. During the
baseline phase, Jamie scored an average of 18.75% (range: 0%-70%) across eight sessions;
during the seventh baseline session, correct responding increased to 70% but decreased to
20% subsequently. After the two prompt sessions, Jamie scored 90% during two
consecutive probe sessions, reaching mastery of Levels 1 and 2 for water temperature.
Jamie scored 30% on the pre-test generalization probe for abstraction (1, 2 Subset
2) and 80% on the post-test. He scored 80% on the first pre-test for DRR to novel
intensities (4, 5 Subset 1); due to this high level of correct responding we conducted an
additional probe, during which Jamie scored 10%. During the post-test, Jamie scored 90%.
He scored 20% on the pre-test for DRR to novel intensities with novel stimuli (4, 5 Subset
2) and 90% on the post-test. He scored 40% on the pre-test for stimulus generalization to a
novel body part (1, 2 Subset 1) and 70% on the post-test.

TACTING INTENSITY

106

Heavy. During the no-comparison pre-test probe, Jamie responded correctly in
20% of trials and displayed variability by reporting Level 1 as both “0” and “1,” Level 2 as
both “1” and “5,” Level 3 as both “4” and “3,” and Level 4 as both “5” and “6.” In the nocomparison post-test probe, he scored 50% correct. See below for further description of
variability in the heavy stimulus set. During the baseline phase, Jamie did not initially
respond at mastery levels, with correct responding ranging from 0%-70% for eight
sessions. Before the sixth baseline session in the heavy stimulus set, feedback was
introduced for correct and incorrect responding in the first tier (i.e., the rough stimulus set)
and Jamie’s correct responding in the heavy stimulus set increased to 60%. After two more
baseline sessions with high levels of correct responding (i.e., 70%, 50%), Jamie responded
correctly in 100% of trials for three consecutive sessions, meeting the mastery criteria.
Therefore, we proceeded to the post-test generalization phase for the heavy stimulus set.
Jamie scored 0% in the pre-test probe for abstraction (1, 2 Subset 2) and 100% on
the post-test probe. He scored 0% on the pre-test probe for DRR to novel intensities (4, 5
Subset 1) and 0% on the post-test. Jamie scored 0% on the pre-test probe for novel
intensities with novel stimuli (4, 5 Subset 2) and 0% on the post-test. He scored 50% on the
pre-test for stimulus generalization to a novel body part (1, 2 Subset 1) and 100% on the
post-test.
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Variability. Figure 24 displays each of Jamie’s different responses during the five
generalization probes before and after the teaching phase, for the rough stimulus set. For
Levels 1, 2, and 3, the range of responses reported decreased from pre- to post-test. Figure
25 displays similar data for the temperature stimulus set. For Levels 2, 4, and 5, the range
of responses reported decreased from pre- to post-test, and for Levels 1 and 3, the range of
responses did not change from pre- to post-test. Figure 26 displays variability data for the
heavy stimulus set. For Levels 1, 2, and 5, the range of responses reported decreased from
pre- to post-test. In the post-test DRR probes, Jamie scored 0%, but each time Level 5 was
presented, Jamie always tacted “9.”
Figure 27, Figure 28, and Figure 29 show the average number of responses per
intensity level for the rough, temperature, and heavy stimulus sets, respectively, for preand post-generalization probes. For Jamie, in the rough set, two out of five post-test probes
were closer to 1 than in the pre-test. In the temperature set, four out of five post-test probes
were closer to 1 than in the pre-test, and in the heavy set, that number was two out of five
probes, as well.
Table 4 and Table 5 display Jamie’s variability and discrimination scores,
respectively. Jamie’s positive variability scores indicate decreased variability from pre- to
post-test in all three stimulus sets; Jamie’s variability scores were similar, suggesting
similar decreases in variability across sets. Jamie’s discrimination scores decreased from
pre- to post-test, suggesting better discrimination at post-test than at pre-test.

Discussion
The purpose of Experiment 1 was to continue to refine the procedures from the
pilot experiment and to continue to evaluate the feasibility of our experimental design.
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Specifically, we implemented multiple baseline designs across three stimulus sets with two
additional participants. For both participants, we observed similar decreases in variability
from pre- to post-test generalization probes, suggesting that the tacts of intensities were
refined (i.e., brought under tighter stimulus control) after the intervention. For both
participants and in all six stimulus sets, we observed generalization (i.e., at least a 30%
increase from pre- to post-test and at least 60% correct responding in the post-test) in the
novel body part probe, decreased variability, and improved discrimination. Alex’s and
Jamie’s results were comparable to Roger’s results.
Overall, we observed more generalization to all novel stimuli and intensities by
Jamie than by Alex, and Jamie’s performance was exceptionally better (i.e., generalization
occurred in the most probes) in the temperature stimulus set. Therefore, the temperature
stimulus set was selected for exclusive use in Experiment 2, but we continued to randomize
selection of intensity targets for teaching versus generalization sessions. Additionally,
when we added the third stimulus set for both participants in Experiment 1, we observed
behavioral covariation (Morgan & Morgan, 2009) in the third tier. Possible explanations
for Jamie’s superior generalization performance, the behavioral covariation observed, and
implications and will be discussed below.
Four possible factors could have contributed to Jamie’s superior generalization
relative to Alex’s performance on the post-test probe. One explanation applies only to the
temperature stimulus set. Specifically, when providing the pre-trial instruction, to maintain
uniformity across stimulus sets, we asked Alex to “Rate the intensity of the temperature.”
Alex consistently rated the coldest stimuli as “10” instead of “1” in pre-test and as “6”
instead of “1” in post-test. Alex likely rated the coldest stimulus as the highest intensity
because one could conceptualize very cold stimuli (e.g., 0° C; 32° F) as highly intense.
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Alex did not emit similar errors in the other two sets. We observed this pattern of
responding in the temperature stimulus set and subsequently modified the pre-trial
instruction in Jamie’s sessions; the experimenter always asked Jamie, “How hot does it
feel?” thus implying that a Level 10 intensity would correspond to the hottest stimulus, and
that the lower levels would correspond to colder stimuli. This change was implemented for
Experiments 2 and 3, as well. This modification potentially led to better responding and
generalization in the temperature set for Jamie, although it does not explain his superior
generalization in the other two sets.
Differences in those other two sets could be explained by target assignment.
Because the targets were counterbalanced across the two participants, Alex was taught to
tact Levels 4 and 5 and tested for generalization to Levels 1 and 2. Conversely, Jamie was
taught to tact Levels 1 and 2 and tested for generalization to Levels 4 and 5. It is possible
that after learning Levels 1 and 2 and being exposed to Level 3, Jamie may have
recognized that he was only being presented with five consecutive levels. On the other
hand, Alex learned to tact levels in the moderate range of the scale and may have
hypothesized that a broader range of intensities was being presented. In the post-test, when
provided with Levels 4 and 5 of Subset 2 in the rough set, Alex tacted Level 4 as “5” and
Level 5 as “6” during all trials. Similarly, in heavy Subset 2, she tacted Level 4 as “5” and
Level 5 as “7” during all trials.
A third potential factor in differences between Alex’s and Jamie’s performance is
that in addition to the intensity targets being counterbalanced, the stimulus subsets differed
across participants. For instance, Alex was taught to tact the intensities of temperature
when contacting the gel packs, but Jamie was taught the same skill when contacting water.
Because each level of the water and gel packs was kept at the same temperature, it is
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unlikely that this counterbalancing greatly impacted responding. However, to better isolate
the effects of our teaching procedures in Experiment 2, we did not counterbalance the
stimulus subsets; each participant experienced water as the teaching subset and gel packs
as the generalization subset. We only varied the numerical intensity targets across
participants.
A final potential explanation for differences between the participants relates to
demographic variables and potential physiological changes. Alex identified as a woman
and Jamie identified as a man. Herren (1933) measured five women’s pain and tactile
sensitivity; measurements were collected immediately before, during, and immediately
after menstruation. The researchers found that the participants’ thresholds varied at the
different time points. Although we did not obtain detailed medical information from the
participants, it is possible that sex-related biological characteristics could have influenced
perception of the tactile stimuli in the present study. Fillingim (2017) also discussed
differences in pain experience dependent on gender, age, and other demographic variables.
In selecting targets for use in a multiple baseline design across behaviors, it is
important to ensure that the targets in each tier are functionally independent (Gast et al.,
2014). Behavioral covariation can occur in a multiple baseline design when behaviors other
than the target behavior change when intervention is applied to the target behavior
(Morgan & Morgan, 2009) and is similar to spillover effects (Strain et al., 1976). For
example, Ludwig and Geller (1991) observed behavioral covariation when they delivered a
treatment package to pizza delivery drivers within a multiple baseline design across stores.
The treatment package targeted seatbelt wearing behavior and included a group training
session, performance feedback, a pledge made by the drivers, and reminders. Drivers from
the two stores that received the treatment package increased their seatbelt use, while
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drivers from the control store did not. Further, when the intervention was implemented, the
non-target behavior of turn-signal use also increased in drivers from the two training
locations.
Regarding the generalization across tiers that occurred with both participants in
Experiment 1 in the present study, it is important to note that we did not observe behavioral
covariation until a third tier was introduced. That is, generalization did not occur in the
second tier when the intervention was introduced in the first tier, similar to the pattern
observed in the pilot participant’s dataset. Our arrangement may have inadvertently
incorporated multiple exemplar training across the tiers. Specifically, it is possible that
although one exemplar of each of the target intensities was insufficient, learning a second
exemplar of the teaching intensities produced generalization to the third tier in both
participants. Additionally, for both participants, when we introduced the prompt in the
teaching phase in one set, neither participant demonstrated behavioral covariation nor
reached the mastery criterion in the subsequent phase. However, when we introduced the
independent response opportunity and consequence (positive or corrective feedback) in the
teaching-probe phase, both participants immediately increased to mastery levels in the
third stimulus set, as well.
Despite the lack of demonstration of an isolated effect of our intervention in the
third tier, it is likely that there was a functional relation between our independent and
dependent variables. Researchers Lanovaz and Turgeon (2020) recently questioned the
requirement for a multiple baseline graph to be interpreted as showing a functional relation
only if the intervention has a clear and independent effect on the dependent variable in at
least three tiers (e.g., Gast et al., 2014). Specifically, Lanovaz and Turgeon (2020)
suggested that this requirement might not have empirical support and might be too

TACTING INTENSITY

112

stringent. To investigate this recommendation, the researchers generated and analyzed 300
three-tiered multiple baseline graphs composed of 14 simulated data points per tier (see
Study 2), which were visually inspected by two experts. The experts were asked whether
each tier, displayed independently, would indicate a potential functional relation within a
multiple baseline graph. Lanovaz and Turgeon concluded that previous requirements for an
effect in three or four tiers of a multiple baseline design could be too stringent.
Wolfe et al. (2016) provided earlier support to this conclusion in a study on visual
analysis of multiple baseline designs. When Wolfe et al. analyzed 52 expert ratings of
intervention effects in 31 previously published multiple baseline design graphs, they found
that 35% of raters indicated a functional relation on the whole graph when exactly two of
three tiers showed a change; 92% agreed on a functional relation when three tiers showed a
change. Given the population that participated in our first experiment (typically developing
adults who we would expect to readily generalize new skills), it is unlikely that we would
have been able to demonstrate a clear and independent effect across three tiers for each
participant. It is possible that if we had included a third tier in the pilot experiment, Roger
would have reached mastery in the third tier prior to intervention. Some possible
explanations for the behavioral covariation we observed in Alex’s and Jamie’s datasets
include histories of reinforcement for tacting the targeted intensities and development of
related problem-solving repertoires.
Although the targeted intensities, either Levels 1 and 2 or Levels 4 and 5, were
randomly assigned to each participant, in each stimulus set (i.e., tier), we always taught
Alex to tact Levels 4 and 5 and we taught Jamie to tact Levels 1 and 2. Additionally,
although both participants contacted novel intensities (i.e., Alex contacted Levels 1 and 2;
Jamie contacted Levels 4 and 5) during pre- and post-test generalization probes, they only
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repeatedly contacted the intensity targets selected for teaching. Therefore, after
experiencing two stimulus sets in which the experimenter prompted and reinforced tacts
“4” and “5” (Alex) or “1” and “2” (Jamie), as well as repeated tactile exposure to those
particular intensity levels, it is possible that a history of reinforcement for tacting only the
targeted intensity levels was established, leading to baseline-phase responding at mastery
levels in the third stimulus set. Moreover, the targets in each stimulus set may not have
been functionally independent.
An explanation requiring additional inference is that these participants engaged in
problem solving behavior that led to mastery of the third stimulus set during the baseline
phase. Problem solving can be conceptualized as behavior comprising two stages: (a)
identifying the situation requiring a response that has not previously been reinforced and
(b) behaving differently in a way that results in a change to one’s behavior or environment
and produces a solution (Skinner, 1966). Skinner described a scenario in which an
individual goes to the airport to pick up luggage, without knowing which luggage to pick
up. Eventually, rather than checking each bag repeatedly, the individual might use chalk to
mark each incorrect bag; in this case, the chalking is “precurrent behavior;” specifically,
the individual is “constructing a discriminative stimulus” (Skinner, 1966, p. 230). This
precurrent behavior, when verbal, can be even more effective. For example, many people
write grocery lists for themselves and cross off items as they are gathered, rather than
attempting to recall and covertly rehearse the list of items throughout the trip to the store.
However, upon leaving their grocery list at home (i.e., another problem), an individual
might engage in a series of covert tacts and intraverbals that prompts them to select the
correct items. For instance, the individual might covertly see (i.e., imagine) and then
covertly tact a meal they had planned to make with the groceries (e.g., lasagna), which
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occasions the covert mand, “What do I need for lasagna?” which in turn may occasion
covert intraverbals and tacts regarding the recipe and the ingredients (e.g., “Oh! I need
ricotta cheese,” with or without the cheese present). There are several advantages to
precurrent verbal responses, including faster discrimination learning and better retention of
the discrimination (Skinner, 1966).
The participants in the present study were typically developing adults who had not
likely been asked to rate the intensity of tactile sensations or the intensity of the materials
and sensations presented in this study (i.e., the problem); therefore, these intensity tacts
were novel, untaught responses without a history of reinforcement. The participants were
originally presented with five different stimulus intensities (i.e., Levels 1 through 5) across
six different stimulus subsets, resulting in 30 different intensity-stimulus combinations,
each presented in random order. The participants may not have accurately discriminated
between the stimuli or the intensities, as stimulus control had not yet developed. After the
experimenter told the participants the two numbers taught in the first and second stimulus
sets, the participants’ behavior gradually became more discriminated; they were more
likely to respond within a restricted range, or only tact intensities greater or less than the
comparison intensity, Level 3. Further, once the participants encountered independent
response opportunities and feedback, it could have become more likely still that the
response came under the antecedent control of the stimulus features alone, rather than the
experimenter’s prompt. Either the opportunity to respond independently or the feedback
provided during the teaching-probe phase, or the combination of these two factors, could
have contributed to the behavioral covariation in the third tier.
Specifically, in the baseline phase for the third stimulus set, the participants were
repeatedly exposed to the intensities targeted for teaching, repeatedly asked to rate the
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intensities, and were not provided with prompts or feedback. These features of the baseline
phase, after prior exposure to the teaching procedures in the first and second stimulus sets,
may have led to problem-solving behavior, and ultimately, behavioral covariation. The
precurrent behavior in this study could have been a covert rule that the participants formed
about the baseline targets. For example, after being exposed to the first two stimulus sets, it
is possible that the participants emitted covert tacts of past events; for instance, they may
have covertly tacted the observation that they had only been presented with two intensities
from each set during each session, and five stimuli in total, and covertly made comparisons
between the stimuli. The participants also may have formed a covert rule about the two
specific intensities the experimenter had taught in each prior stimulus set, prompting the
participant to tact those same two levels in the third set. These explanations may be more
likely than the occurrence of stimulus generalization to the two novel stimulus subsets in
the third stimulus set, as the three stimulus sets did not have shared features or identical
continua of intensities. For additional, potentially more accurate insight into participant
behavior, future researchers may want to ask adult participants to tact their covert verbal
behavior during the study in social validity questionnaires or during debrief meetings.
While the generalization of the taught responses to the novel stimulus set
potentially weakened the experimental control in Experiment 1, for a child with ASD in a
clinical setting, a teaching arrangement that leads to generalization to completely novel
stimuli and sensations might be beneficial. Additionally, behavioral covariation might be
less likely to occur in this design with a child with ASD. In Experiments 2 and 3, we
implemented a multiple probe design across participants (Experiment 2) and stimulus sets
(Experiment 3) to avoid prolonged exposure to baseline conditions, especially because we
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Chapter 4
Experiment 2
Method
Purpose
The purpose of Experiment 2 was to teach typically developing children to tact
intensity of stimulation and to observe the effects of our intervention with a younger
population before implementation with children with ASD.

Experimental Design
We used a concurrent multiple baseline design across three participants in
Experiment 2. We taught all participants to tact intensities from the same stimulus set (i.e.,
temperature; water as Subset 1).

Participants and Pre-experimental Assessment Results
Prerequisites. To be included in the study, each child had to tact and identify
numbers as a listener and to match numbers one through five with their respective
quantities. For instance, when shown a picture of three dots, each child had to select the
number “3” from an array of numbers, and vice versa. When given two numbers between
one and five, each child was required to vocally state and select as a listener the number
that was greater or less than the other; for example, when asked “Which one is more: three
or five?” the children had to be able to say or select “5” (Beyer et al., 2009 used similar
screening measures). To be included, each child was required to remain seated for at least 3
min and follow the listener instructions “sit down,” “close your eyes,” and “touch.” We
would have taught any prerequisites that were not met prior to enrolling in the study.
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Finally, to be included in the study, each child had to display some variability of
responding in one initial no-comparison probe for Subset 1 (e.g., tacting Level 4 as both
“1” and “4”).
Three typically developing children participated in Experiment 2. James was a 5year-old White boy from a high-middle income family. At the time of our study, James
attended a morning voluntary preschool program and an afternoon private daycare five
days per week. The experimenter conducted James’ pre-experimental assessment virtually,
and James’ mother assisted by providing instructions and prompts as needed. James
selected his right hand for the teaching body part and his shoulder for the generalization
body part. However, upon further discussion and explanation of what would happen in the
generalization probes, he selected his arm instead of his shoulder. James correctly tacted
and responded as a listener to the numbers one through five. However, he did not respond
to numbers zero or six through 10 correctly; additionally, when his mother asked him to
count to 10, he erred. James correctly matched numbers one through five with their
respective quantities, and vice versa. When asked to select and vocally state which number
was greater or less than from an array of two, James erred; we modified the instruction to
include the words “bigger” instead of “greater,” and “smaller” instead of “less than,” and
modified the array to include visual dot patterns depicting different quantities rather than
numerals. James responded correctly to the modified stimuli and instructions. Because
James only responded correctly to numbers one through five, we only included numbers
one through five in our experimental procedures (i.e., our instructions and prompts during
trials). James remained seated throughout the pre-experimental assessment and followed
the listener instructions “sit down,” “close your eyes,” and “touch” when asked to use the
stimulus box.

TACTING INTENSITY

119

Madeline was a 10-year-old White girl from a high-middle income family. At the
time of our study, Madeline was in 4th grade and was enrolled in the gifted program at a
local public school. During the pre-experimental assessment, which the experimenter
conducted virtually, Madeline selected her left hand for the teaching body part and her foot
for the generalization body part. She correctly tacted and responded as a listener to the
numbers zero through 10. Madeline correctly matched numbers one through five with their
respective quantities, and vice versa. Additionally, she vocally stated and selected all
numbers between one and five as greater or less than a comparison. She remained seated
during the pre-experimental assessment, followed the listener instructions “sit down” and
“close your eyes,” and inserted her hand into the stimulus box and touched objects that
were presented within the box.
Malcolm was a 7-year-old White boy from a high-middle income family. At the
time of the present study, he was enrolled in 1st grade at a local public school. Malcolm
completed the pre-experimental assessment virtually as well. Malcolm selected his left
hand for the teaching body part and his arm for the generalization body part. He correctly
tacted and responded as a listener to the numbers zero through 10, correctly matched
numbers one through five with their respective quantities and vice versa, and vocally stated
and selected numbers between one and five as greater or less than a comparison. He
remained seated during the pre-experimental assessment, followed the listener instructions
“sit down,” “close your eyes,” and inserted his hand into the stimulus box and touched
objects that the experimenter presented within the box.
The results of the no-comparison probes conducted in the pre-experimental
assessment will be detailed in the results section below.
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Setting
All sessions took place in the participants’ home at their dining-room table. The
children’s mother, the experimenter, and/or the research assistant sat perpendicular to the
participant and the materials were kept behind and slightly under the table. The materials
for the temperature stimulus set were prepared in the family’s kitchen, using the
refrigerator’s ice and water dispensers, the kitchen sink, and a Cuisinart® 1.7-liter stainless
steel electric kettle.
Due to the COVID-19 pandemic, the participants’ mother initially conducted
sessions for Experiment 2. When the experimenter or a research assistant visited the home
on occasion to conduct sessions, we followed the COVID-19 research protocol described
above. The participants’ mother was the only research assistant present for the first three
visits. For the next two visits, the experimenter was the only adult present. For the
following visit, the experimenter and a research assistant were present. For the final seven
visits, the research assistant was present.

Procedural Modifications
The procedures in Experiment 2 were largely identical to those in the pilot
experiment and the modifications in Experiment 1, with the following exceptions: (a)
scripts were modified slightly (see Appendix H and Appendix I), (b) visits were shorter
and more frequent, (c) prompt sessions included requiring an echoic response from
participants, (d) a vocal preference assessment (Kuhn et al., 2006) was conducted before or
after each session, (e) participants earned tokens which they exchanged for edible
reinforcers (i.e., candy) or time on a tablet after each session, and (f) an error correction
procedure was included.
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Reinforcers and Preference Assessment. Madeline, James, and Malcolm earned
tokens for appropriate sitting, attending, and working with the experimenter during
baseline and generalization sessions, correct responses during the teaching-phase prompt
sessions, and correct, independent responses during the teaching-phase probe sessions.
Each virtual “token board” consisted of an 11-slide PowerPoint presentation on which the
experimenter could deliver tokens via Zoom by screensharing or displaying the token
board on an iPad during in-person sessions.
After each session, Madeline, James, and Malcolm exchanged their tokens for
pieces of candy from a candy “treasure box.” Each token was exchanged for one piece of
candy, and they could choose multiple types of candy after each session. Candy choices
included Starburst, Starburst Gummies, Skittles, Sweet tarts, Emoji Lollipops, bubblegum,
Werther’s Original Caramel Candies, Red Hots, and other edible items such as Combos.
During the first two visits, prior to sessions, we asked the children what candy they were
going to trade their tokens for after the session ended. They each often stated that they
would choose after the session; therefore, during and following the second visit, the
researcher continued to remind them during the pre-session instructions that they would be
able to exchange their tokens for candy but did not ask them to select the candy before the
session.
Additional Precautions. For Experiments 2 and 3, if any participant ever reported
pain or discomfort (either by speaking or emitting any potential collateral response to pain)
during a session, the session would have been terminated. James (Experiment 2) and
Neptune (Experiment 3) each indicated during one trial that the water may have caused
discomfort; James went on to say he was pretending the hot water hurt, and Neptune said it
did not hurt, but that he did not like it and that he wanted to be brave. Later on, Neptune
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said he liked the water and even manded for sessions with water. He also reported that the
water made him laugh and that he felt happy when feeling the water on his feet. Further,
when Neptune originally said he did not like touching the water, the experimenter
confirmed with Neptune’s mother that none of the temperatures would cause discomfort;
Neptune’s mother inserted her finger into each tumbler prior to the visit and stated that
neither the coldest nor warmest water were likely to cause discomfort for Neptune. If
James, Neptune, or either child’s mother had indicated otherwise, the experimenter would
have discussed discontinuation or modification of the procedures to ensure comfort.
Sessions. The participants in Experiment 2 attended one to two visits per week.
Overall visits during Experiment 2 lasted between 1 and 4 hr, with frequent, extended
breaks for all participants. Each session lasted approximately 5 to 7 min, and the
experimenter conducted one to three 10-trial sessions consecutively before the next
participant rotated in for a session. Initial baseline and generalization sessions were
conducted one session at a time, and once a participant entered the teaching phase, up to
three sessions consecutively were conducted before a baseline session was conducted with
the subsequent participant.
Target Selection. In addition to the participants selecting their teaching and
generalization body parts, their mother approved the body parts used in the study. As
described above, we selected the temperature stimulus set for use with all three participants
in Experiment 2. We selected the water to be Subset 1 and the gel packs to be Subset 2
based on post-test generalization results for Alex and Jamie and because the water
temperature had remained more stable across time for both previous participants.
Therefore, all three children experienced the same sensations produced by the same
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materials, but the stimulus intensities selected for teaching and generalization were
counterbalanced as shown in Table 3.
Baseline and Generalization Probes. Baseline and generalization probe sessions
were conducted identically to the pilot and Experiment 1, with the addition of token
delivery every three to four trials contingent on appropriate sitting and attending. If any
participant had been unlikely to consistently respond vocally to feeling the stimulus, the
experimenter would have presented the pre-trial instruction “On a scale of 0-10, how much
[sensation] do you feel?” during every trial as necessary. Because the children responded
consistently without the full instruction, the experimenter did not present the full
instruction in every trial. We also adjusted the instruction and prompts given to James to
only include numbers one through five as available response options (i.e., “On a scale of 1
to 5 with 1 being no amount and 5 being the highest amount possible…”) and we created a
separate script for James’ sessions.
Teaching. Teaching sessions were also conducted similarly to the pilot and
Experiment 1. Specifically, the mastery criteria were the same as the prior experiments and
the criteria from Rajagopal et al. (2021)—two consecutive probe sessions at 80% or greater
with no more than one error per intensity level. However, teaching was more systematic
and other responses in addition to independent, correct and error responses were tracked.
Specifically, during prompt sessions, the experimenter provided an immediate (0-s
delay) echoic prompt (e.g., “This one is a 3.”) and waited for the participant to respond. A
correct, prompted response was scored when the participant correctly imitated the vocal
behavior of the experimenter when the corresponding stimulus was presented. An example
of a prompted correct response occurred when the child said “4” when the predetermined
level-4 stimulus was presented, after the experimenter said, “This is a 4.” If the participant
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responded correctly, the experimenter provided a token/point and praise. The same
consequence was provided for all correct, independent responses during the subsequent
probe sessions. An incorrect, prompted response would have been scored if a participant
said a different number than that prompted by the experimenter, but this did not occur. If
any participant had failed to respond to the prompt after 3 s, the experimenter would have
instructed, “Say [target number],” and repeated the number as needed. If the participant
responded incorrectly during an independent response opportunity in a probe session, we
implemented a similar error correction procedure by immediately saying, “No, it’s [target
number]” or “Say [target number]” and repeating the number as needed until the
participant echoed the number.
If any child scored below 80% or scored more than one trial incorrect per intensity
level for three consecutive probe sessions, we would have conducted an additional
prompted session before returning to another probe session.
Post-generalization Interventions. Depending on which generalization probes
were failed, additional procedures were implemented. Generalization probes were
considered failed if the participant responded below 60% correct or greater than 60%
correct but with less than a 30% increase between pre- and post-test. During postgeneralization probes, the experimenter sometimes concluded sessions immediately if the
participant was responding incorrectly within the first four trials (i.e., the first two
opportunities to respond to an intensity).
Teaching Booster Session. This procedure was implemented if the participant
failed the generalization probe for stimulus generalization to a novel body part. Because
the intensities and stimulus subset presented were identical in this probe to those in the
teaching sessions, the teaching booster session served as a pre-session exposure to the
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same stimuli. During the teaching booster session, the participant experienced the same
contingencies as in the teaching-probe sessions. If the participant responded correctly in at
least 80% of the trials in the teaching booster session, the experimenter then returned to the
novel body part generalization probe. For James, after the teaching booster session, the
experimenter re-probed the novel body part generalization probe as well as the nocomparison probe, under baseline conditions.
Rule. Prior to the session, the experimenter provided James with instructions about
the 5-point numerical rating scale. Specifically, the experimenter told James that Level 1
meant “super cold,” Level 5 meant “super hot,” and that if the water felt warmer, James
should say a bigger number, and if the water felt colder, James should say a smaller
number. The experimenter provided James with a few opportunities to answer questions
such as, “If it feels hotter, should you say ‘3’ or ‘4?’” The contingencies in this session
resembled baseline conditions.
Visual Prompt. The visual prompt intervention involved a depiction of a numerical
rating scale along a number line, displayed in Figure 30. In the visual prompt, each number
was matched with a picture of a liquid form familiar to James. The experimenter described
the scale to James and then asked him to answer questions such as, “If it feels like a glass
of drinking water, what number would you say?” to ensure he understood the visual aid.
Initially, James was provided with the explanation and then the novel body part probe was
conducted again with the visual prompt present throughout the session. This session was
conducted under baseline conditions and ended after four trials when James only
responded correctly in two trials.
In the subsequent session, the experimenter presented all five intensities (i.e., nocomparison probe) and implemented an immediate (i.e., 0-s delay) gestural prompt to
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select and tact a picture that matched the intensity presented (e.g., if James was feeling a
Level 3, the experimenter pointed to the picture of the swimming pool). In response to
James correctly saying the item and the numerical tact, the experimenter provided praise
and a token. After one session, the gestural prompt was faded and the experimenter only
provided praise and tokens or implemented an error correction procedure by correcting the
picture matched to the intensity level. After James reached the original mastery criteria in
the no-comparison arrangement, the novel body part probe and DRR probes were
conducted again.
We did not thin the schedule of reinforcement for James; in the final probes, he
continued to receive tokens and praise, unlike the baseline conditions. We made this
decision based on his mother’s recommendation as well as an observation we made during
the transition from the teaching phase to the post-test generalization phase. Specifically, in
the first generalization session after the teaching phase, we returned to baseline procedures
and did not deliver praise and tokens contingent on correct responses. After that session,
James displayed negative affect and went to his bedroom for several minutes before opting
to return to the research area. His correct responding in the generalization probes also
subsequently decreased. Therefore, we decided to deliver praise and tokens contingent on
correct responses throughout the final portion of the study.

Interobserver Agreement Data
A second data collector collected agreement data in 13 of 31 of James’ sessions
(41.9%), 10 of Madeline’s 19 sessions (52.6%), and 15 of Malcolm’s 24 sessions (62.5%).
The overall average agreement scores for each participant were 100% (James), 99%
(Madeline), 98% (Malcolm). Overall, in Experiment 2, agreement data were collected in
five of 15 baseline sessions (33.3%), resulting in an average agreement score of 100%.
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Agreement data were collected in 24 of 43 generalization sessions (55.8%), with an
average agreement score of 98.6%. In the teaching phases, agreement data were collected
in nine of 17 sessions (52.9%) and resulted in an average agreement score of 99.4%.

Treatment Integrity Data
An independent observer collected treatment integrity data in 12 of James’ 31
sessions (38.7%), resulting in an average of 99.4% of steps completed correctly. The
observer collected integrity data in 8 of Madeline’s 19 sessions (42.1%), resulting in an
average score of 99.1%. We also collected integrity data in 17 of Malcolm’s 24 sessions
(70.8%) and the experimenter scored an average of 99.5% correctly implemented steps.
Overall, in Experiment 2, we collected treatment integrity data in five of 15 baseline
sessions (33.3%), resulting in an average score of 97.6%. We collected treatment integrity
data in 22 of 43 generalization sessions (51.2%), resulting in an average score of 99.5%
correct. Finally, we collected treatment integrity data for 10 of 17 teaching-phase sessions
(58.8%), resulting in an average of 99.6% steps implemented correctly.

Results
Figure 31 displays James’, Madeline’s, and Malcolm’s percentage of correct tacts
during each session.

James
During the no-comparison probe in the pre-experimental assessment, James
responded correctly during 20% of trials, and displayed variability by reporting Levels 1
through 5 incorrectly and as levels ranging between 1 and 10. He reported Level 1 as both
“1” and “5,” Level 2 as both “10” and “1,” Level 3 as “10” and “1,” Level 4 as “1” and
“2,” and Level 5 as “10” and “5.” After the first session, during which we provided
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clarification that he should only respond “1,” “2,” “3,” “4,” or “5,” he did not vocalize any
other numbers. In the no-comparison post-test probe, James scored 40% correct. See below
for further description of James’ variability in responding to the presented intensities.
James scored between 0%-10% in three baseline sessions, and after the two prompt
sessions when we conducted a teaching-probe session with feedback, he scored 60%
correct. He scored 80% in a second probe session, and 100% in the third probe session,
reaching the mastery criteria for Levels 1 and 2 of water temperature.
James scored 30% correct on the pre-test generalization probe for abstraction (1, 2
Subset 2) and 100% on the post-test. He scored 70% on the pre-test for DRR to novel
intensities (4, 5 Subset 1) and 0% on the post-test. James scored 40% on the pre-test for
DRR to novel intensities with novel stimuli (4, 5 Subset 2) and 10% on the post-test. He
scored 0% on the pre-test for stimulus generalization to a novel body part (1, 2 Subset 1)
and 30% on the post-test.
Based on these generalization results, James failed to generalize to novel body
parts, novel intensities, and the no-comparison probe. In the teaching booster session,
James responded correctly in 90% of trials, but did not meet the 60% generalization
criterion in the subsequent stimulus generalization to a novel body part (20%) or nocomparison probes (30%). Given a rule, James’ responding in the stimulus generalization
probe increased to 40%, still below the generalization criterion. Given the visual prompt
only, James responded correctly in two of four trials (50%). In one visual-prompt session
including a gestural prompt to match a picture to a tactile intensity and then numerically
tact intensities, James responded correctly to the prompt and also responded independently
in two of the ten trials. Then, James reached the mastery criteria for all five intensities in
four additional sessions including the visual prompt and consequences. In the final three
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probes, James scored 70% (stimulus generalization to novel body part), 100% (DRR to
novel intensities), and 90% (DRR to novel intensities with novel stimuli).

Madeline
During the no-comparison probe during the pre-experimental assessment,
Madeline scored 20% correct and displayed variability by reporting Levels 1 through 5
incorrectly and as levels ranging between 0 and 8. She reported Level 1 as both “0” and
“1,” Level 2 as both “3” and “4,” Level 3 as “5” and “3,” Level 4 as “7” and “6,” and Level
5 as both “8” and “6.” In the no-comparison post-test probe, Madeline scored 70% correct.
See below for further description of Madeline’s response variability. Madeline scored
between 0%-10% correct in five baseline sessions, and after the two prompt sessions, she
scored 90% correct in two consecutive teaching-probe sessions, reaching mastery for
tacting Levels 4 and 5 of water temperature. During the first trial of each probe session,
Madeline tacted 1 Level higher than the presented level, but did not err again throughout
the subsequent 9 trials of each session.
Madeline scored 10% correct on the pre-test generalization probe for abstraction
(4, 5 Subset 2) and 90% correct on the post-test. She scored 60% correct on the pre-test for
DRR to novel intensities (1, 2 Subset 1) and 40% on the post-test. Madeline scored 70%
correct on the pre-test for DRR to novel intensities with novel stimuli (1, 2 Subset 2) and
50% on the post-test. She scored 10% on the pre-test for stimulus generalization to a novel
body part (4, 5 Subset 1) and 100% on the post-test.

Malcolm
During the no-comparison probe, Malcolm responded correctly during 30% of
trials, and displayed variability by reporting Levels 1 through 5 incorrectly and as levels
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ranging between 0 and 8. He reported Level 2 as both “1” and “2,” Level 3 as both “5” and
“2,” and Level 5 as both “8” and “6.” In the no comparison post-test probe, Malcolm
responded correctly during 60% of trials. See below for further description of Malcolm’s
variability. Malcolm scored between 0%-30% in seven baseline sessions. During the fifth
baseline session which was conducted after we introduced teaching to James and Madeline,
Malcolm scored 30% correct. We conducted additional baseline sessions, and Malcolm
returned to 0% correct responding for two consecutive sessions. After two prompt sessions,
when we began teaching-probe sessions, he scored 70%, 80%, 60%, 90%, and 80%,
mastering the teaching targets in seven sessions.
Malcolm scored 20% on the pre-test generalization probe for abstraction (1, 2
Subset 2) and 60% on the post-test. He scored 30% on the pre-test for DRR to novel
intensities (4, 5 Subset 1) and 30% on the post-test. Malcolm scored 0% on the pre-test for
DRR to novel intensities with novel stimuli (4, 5 Subset 2) and 30% on the post-test. He
scored 20% on the pre-test for stimulus generalization to a novel body part (1, 2 Subset 1)
and 50% on the post-test.

Variability
Figure 32 displays each of James’ different responses during the five
generalization probes before and after the teaching phase. For Levels 1, 2, 3, 4, and 5,
James’ range of responses reported decreased from pre- to post-test. Figure 33 displays
similar data for Madeline. For Levels 2, 3, 4, and 5, Madeline’s range of responses
reported decreased from pre- to post-test; for Level 1, Madeline’s range remained the
same. Figure 34 depicts Malcolm’s responses during the pre- and post-test generalization
probes. For Levels 1, 2, 3, 4, and 5, Malcolm’s range of responses reported decreased from
pre- to post-test.
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Figure 35 shows James’ average number of responses per intensity level for each
of the pre- and post-test generalization probes. Figure 36 and Figure 37 display similar data
for Madeline and Malcolm, respectively. James’ average responses per intensity moved
closer to 1 in one out of five post-test probes (specifically, the abstraction probe [1]),
Malcom’s average responses per intensity moved closer to 1 in four out of five post-test
probes (specifically, the no-comparison [1], abstraction [1.5], DRR to novel intensities
with novel stimuli [1.5], and stimulus generalization to a novel body part [1.5] probes), and
Madeline’s average responses per intensity moved closer to 1 in three out of five post-test
probes (specifically, the no-comparison [1.2], abstraction [1.5], and novel body part probes
[1]).
Table 4 and Table 5 display James’, Malcolm’s, and Madeline’s variability scores
and discrimination scores, respectively. All three participants in Experiment 2
demonstrated decreases in variability from pre- to post-test, indicated by positive
variability scores. James demonstrated the greatest decrease in variability of the three
participants. Malcolm’s and Madeline’s discrimination scores decreased from pre- to posttest, while James’ discrimination score remained the same in post-test suggesting minimal
improvements in discrimination.
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Chapter 5
Experiment 3
Method
Purpose
The purpose of Experiment 3 was to teach a child with ASD to tact intensity and to
assess his generalization of intensity tacts.

Experimental Design
Neptune’s data were evaluated in a multiple baseline design across three stimulus
sets. Specifically, we included rough, temperature, and heavy stimulus sets.

Participant
Neptune was recruited through word of mouth; he had previously participated in
our study examining a method of teaching children with ASD to tact tactile sensations (see
Rajagopal et al., 2021). Neptune had since been manding to his mother to participate in
another research study with us and we additionally identified a clinical need to teach him
the skill of tacting various intensities.
Neptune was a 9-year-old White boy who had received an ASD diagnosis at the
age of 3 and had been enrolled in full- or part-time ABA therapy services since that age. At
the time of this study, he received clinical services targeting severe problem behavior three
days per week for a half day, attended a school for children with ASD five days per week
for a half day, and attended sessions with a speech and language pathologist once per
week. His school had conducted a recent evaluation based on Morningside Academy’s
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assessment that included fluency measures, identifying Neptune as reading, writing, and
doing math at a fourth-grade level.
Neptune underwent the same pre-experimental assessment as the participants in
Experiment 2, with added components, described below. Throughout the pre-experimental
assessment, the experimenter provided Neptune with praise for every correct response,
tokens every three to four correct responses, and brief breaks each time he earned 10
tokens. Neptune correctly tacted the numbers zero through 10, identified numbers zero
through 10 as a listener, matched the numbers one through five with their respective
quantities and vice versa, selected and tacted the number that was greater or less than when
given an array of two numbers between one and five, and responded as a listener to the
instructions “sit down,” “close your eyes,” and “touch” when his hand was in the stimulus
box. Neptune stated that he preferred to close his eyes for every session rather than wear an
eye-covering sleep mask, and he successfully did so. In addition to these tasks, Neptune
was also asked to respond to the intraverbal instruction “Count to 10.” We also presented
Neptune with two arrays of three identical 11-point numerical rating scales that were
cropped to varying lengths so that only one scale per array depicted the full scale; these
arrays are displayed in Figure 38. We then asked him to “Point to the scale of 0 to 10,”
which he correctly did in both trials. If Neptune had not met any of the aforementioned
prerequisites, we would have taught them prior to starting the experiment.
It is important to note that two years prior to this experiment, Neptune participated
in our study in which he learned to tact sensation-body part combinations. In our previous
study, he learned to tact the sensations soft, prickly, and rough (Rajagopal et al., 2021). At
that time, Neptune learned nine sensation-body part tact combinations that included those
three sensations in six 18-trial sessions (i.e., 54 trials; six trials per target). At the time of
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the present study, Neptune tended to learn novel tacts in fewer than five trials and did not
have issues related to retention or generalization. Because Neptune met our prerequisites,
could generally tact sensations, and was 9 years old, tacting the intensity of sensations on
an 11-point numerical scale (see O’Rourke, 2004 for scale use chronology) was an
appropriate skill to teach him.
Finally, during the pre-experimental assessment, Neptune selected his right hand to
use for the teaching targets and his foot to use for the probes of stimulus generalization to a
new body part. If he had not been able to indicate preferred body parts, we would have
asked his mother to assist in selecting the body parts. Specifically, during those probes, the
experimenter lightly rubbed the sandpaper on his foot (rough stimulus set), squeezed drops
of water on his foot (temperature stimulus set), or gently placed the handle of the bag of
chain around his foot or lower ankle so he could lift it himself. It is important to note that
he only experienced Levels 1, 2, and 3 of these sets during that particular generalization
probe, therefore he was not at risk of discomfort due to increased or excessive weight on
his foot during the probe involving the heavy stimulus set.
Reinforcers. Results of past reinforcer assessments were obtained from the child’s
mother to inform inter-session break activities. Neptune had participated in multiple
studies suggesting that praise and tokens functioned as reinforcers for acquisition of novel
skills (Rajagopal et al., 2021) or for mastered tasks (Gadaire et al., 2021) and earned points
via a ClassDojo system at his school. Therefore, praise and tokens were delivered on a
trial-by-trial basis during teaching sessions, and every three to four trials for appropriate
sitting and attending during baseline, generalization, and maintenance sessions. Neptune
manded for the experimenter to use a “squeaky” voice when praising him, which she did
during the majority of sessions.
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Neptune’s mother indicated three preferred activities: (a) writing on a dry-erase
board, (b) using an iPad, and (c) drawing and coloring on paper. Additionally, the
experimenter always played with Neptune upon arriving, and Neptune independently
manded for other social activities during inter-session breaks. Those activities included
“boat rides” on a foam “boat,” filming those boat rides on his iPad and then watching the
videos, pretending to fall over or making objects fall, tickles, surprises, hide and seek, tag,
mock sessions in which Neptune pretended to be the researcher and the experimenter was
the student, listening to the experimenter read the names he had written on his mystery
box, and making lists of the materials used in upcoming sessions on the dry-erase board.
Of those items and activities, the experimenter conducted a vocal preference assessment
(Kuhn et al., 2006) at the start of each session. The experimenter asked Neptune to vocally
state his preference between two to three activities by asking, “After you earn your tokens,
do you want to [activity 1], [activity 2], or [activity 3]?” Neptune either selected one of the
given options or vocally manded for a different activity. Appropriate mands were honored.
Neptune’s request was recorded on the data sheet, and the selected activity was delivered
after each 10-trial session.
For any additional participants who participate in the present study, the type of
preference assessment, reinforcer, and schedule of reinforcement will be individualized
depending on the child’s communication skills, learning history, and problem behavior.

Setting
All sessions took place in the participant’s home at the dining room table.
Materials for the temperature stimulus set were prepared in the family’s kitchen, using the
refrigerator’s water and ice dispensers, the kitchen sink, and the microwave. The
experimenter sat perpendicular to Neptune. The stimulus box was placed in front of
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Neptune; for sessions including the rough and temperature stimulus sets, Neptune faced the
stimulus box; the experimenter inserted the materials into the back of the box. For the
heavy stimulus set, Neptune turned to face the experimenter while still keeping his eyes
closed, and the experimenter handed him the bags of chain or water jugs.

General Procedural Modifications
Experiment 3 procedures were almost identical to those described in the previous
experiments, with the following exceptions: (a) the previously discussed additions to the
pre-experimental assessment (i.e., counting to 10 and listener selection of the scale of 0 to
10), (b) the experimenter issued a specific instruction before every baseline, teaching,
generalization, and maintenance trial, (c) we added a constant time delay (Snell & Gast,
1981) as a prompt-fading procedure, (d) we provided tangible and social reinforcers
between sessions, and (e) we conducted a maintenance probe. The modified scripts for
Experiment 3 are displayed in Appendix J. If future participants participate in this protocol,
we may use tangible or edible reinforcers on a trial-by-trial basis rather than or in addition
to tokens, and non-vocal communication methods may be used as necessary (e.g., sign
language, selection response).
Precautions. In addition to the previously described safety monitoring procedures,
we tracked the child’s problem behavior. If problem behavior had occurred in excess of
that in a typical day or session, that session would have been terminated and the
experimenter would have discussed continued participation with the child’s parent or made
modifications to the procedures as necessary. Neptune did not engage in problem behavior.
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Sessions. Neptune attended two visits per week at his home, lasting one hour each.
Between three and seven 10-trial sessions were conducted during each visit. Each 10-trial
session lasted approximately 5 min.

Teaching Modifications
Instruction. Prior to every response, immediately before tactile stimulation began
an instruction was presented: “On a scale of 0 to 10, with 0 being no amount and 10 being
the highest amount possible, how [sensation, i.e., rough, hot, or heavy] does this feel?” The
experimenter stated this full instruction on the first trial of each session, and in subsequent
trials; while the defining phrase “with 0 being no amount and 10 being the highest amount
possible” was sometimes omitted for brevity, the experimenter always included at least the
components “On a scale of 0 to 10…” and “How [sensation] does it feel?” This instruction
was presented during every single trial throughout the experiment to mimic the antecedent
that might occur during a real-life situation, such as a doctor’s visit.
Prompt Fading. For the first two sessions in the teaching phase for each stimulus
set, the instructor delivered an immediate echoic prompt (i.e., 0-s time delay), similar to the
previous experiment. However, in Experiment 2, the experimenter omitted an instruction
and simply prompted, “On a scale of 0 to 10, with 0 being no amount and 10 being the
highest amount possible, this is a [number];” in Experiment 3, the experimenter presented
the instruction (i.e., the question described above) and the subsequent echoic prompt
consisted of only the number. The prompt was presented upon immediate tactile contact
with the stimulus.
When the child responded correctly to the prompt, the experimenter provided
praise (e.g., “Awesome job!”) and delivered the tokens. After two sessions, presentation of
the prompt was faded to 2 s and remained at a 2-s constant time delay for the remainder of
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the study. During sessions with the 2-s time delay, the experimenter provided the
instruction, presented the tactile stimulus, and waited 2 s for a response, then provided a
prompt if Neptune had not yet responded. Based on this participant’s learning history with
tactile stimuli, we did not anticipate him requiring greater than a 2-s delay to the prompt.
For future participants, we may consider a longer latency to the prompt, such as 5 s,
assuming that some children may require several seconds to feel the tactile stimuli before
responding.
When the child responded correctly and independently, the experimenter delivered
praise and a token. When the participant responded incorrectly, the following error
correction procedure was implemented: (a) the experimenter removed the tactile stimulus,
(b) after 1 s, the experimenter repeated the instruction and re-presented the tactile stimulus,
(c) the experimenter provided an immediate echoic prompt, (d) the prompt was repeated (if
needed) until the child responded correctly, (e) neutral feedback (e.g., “Okay,” “Yes, that’s
it”) was provided, and (f) no reinforcing consequence was delivered before moving on to
the next trial.

Mastery criteria
The mastery criteria were 80% correct responding with no more than one trial
incorrect for a single intensity level for two consecutive sessions.

Post Generalization-probe Interventions
Retest. The experimenter conducted an additional abstraction probe in the rough
set (i.e., the first tier) prior to any other interventions to test whether the introduction of the
other two stimulus sets (heavy and temperature) alone led to generalization to the novel
stimulus set.
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Transfer of Stimulus Control from Match-to-Sample to Tact. A matching
procedure was implemented if the participant failed the abstraction probe during the posttest probes or in the retest. The experimenter presented the sample stimulus (a teaching
target from Subset 1) within the stimulus box, which in this case, was either Level 1 or
Level 2 of the sandpaper. The experimenter asked the participant to tact the sample
stimulus by asking “How rough does this feel?” The participant’s correct responses were
met with praise and tokens, and his incorrect responses were corrected. Immediately after a
correct tact, the experimenter presented an array of two comparison stimuli from Subset 2;
in this case, the two teaching intensity Levels 1 and 2 were presented. The experimenter
asked the participant to feel both stimuli. After the participant felt both, the experimenter
provided the instruction to “Find the one that is the same,” “Match,” or another similar
instruction to select the comparison stimulus that matched the sample stimulus presented
initially. A correct selection response resulted in praise and token delivery, and an incorrect
selection resulted in error correction. After a correct matching response and while the
participant’s hand still contacted the target, the experimenter asked him to tact the intensity
of the matching stimulus (e.g., “Yes, that’s the same! On a scale of 0 to 10, how rough
does it feel?”). Correct and incorrect responses were met with neutral feedback, to mimic
baseline and generalization contingencies.
Exclusion. An exclusion procedure was implemented when the participant failed
the DRR to novel intensities probes in either Subset 1 or Subset 2. The experimenter
presented the array of five stimuli ordered from one to five and including the generalization
target intensities (i.e., Levels 4 and 5), the mastered teaching targets (i.e., Levels 1 and 2),
and the original comparison intensity (i.e., Level 3). For sets that proved difficult to present
all stimuli within the stimulus box, the participant closed his eyes for the duration of the
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session. First, the experimenter instructed and prompted the participant to feel all five
levels in order, beginning with Level 1. Then, the experimenter asked the participant to feel
each stimulus individually, and asked him to tact the intensity. For the two previously
mastered targets and the comparison stimulus (i.e., Levels 1, 2, and 3), the experimenter
provided praise and tokens contingent on correct responses and corrected incorrect
responses. After correctly tacting the known intensities, the participant was asked to feel
the first unknown intensity and tact its intensity level. The experimenter responded to
correct tacts with a neutral statement. In response to incorrect tacts, the experimenter
returned to previous levels in the array (e.g., Levels 2 and 3) and asked the participant to
tact them again. After a correct response to Level 4, the experimenter presented Level 5.
Then, the experimenter removed Levels 1 and 2 and rapidly alternated between presenting
opportunities to tact Levels 3, 4, and 5 several times in mixed orders.
Criteria to Proceed. The steps of each procedure were repeated until the
participant emitted two consecutive correct, independent matching or tacting responses per
intensity, and then the original failed generalization probe was repeated. Then, if
responding was 60% or greater, the same probe was conducted in other stimulus sets in
which it was failed, prior to intervening in those tiers. When the procedures failed within or
across tiers, a more intrusive intervention was implemented and faded, as described below.
Visual Prompt. In Session 72 (a four-trial probe for DRR to novel intensities
[Subset 1]), prior to implementing the exclusion procedure in the temperature stimulus set,
upon feeling a Level 5 intensity of water, Neptune exclaimed “It feels like hot coffee!”
Therefore, after attempting to promote generalization through the exclusion procedure, we
decided to implement the visual prompt intervention described in Experiment 2 with
Neptune in the temperature set, as well. This intervention was identical to the visual

TACTING INTENSITY

141

prompt intervention for James, but we extended the depiction of the scale to include Levels
0, 6, 7, 8, 9, and 10, and we did not provide an additional prompt outside of the presence of
the visual prompt. During the visual prompt phase, we reinforced correct matches with the
pictures on the scale (e.g., “It feels like hot coffee!”) but we did not reinforce correct tacts.
Reinforcement. After a week break from research sessions, the experimenter
reviewed the visual prompt with Neptune and returned to a typical generalization probe.
Following this generalization probe, the experimenter implemented praise and points for
correct intensity tacts in a single no-comparison session. This session was followed by
retesting the DRR probes and the no-comparison probe under baseline conditions.

Maintenance
A follow-up probe was conducted under baseline conditions two (temperature),
three (heavy), or four weeks (rough) after mastery of the taught targets to assess whether
the intensity tacts maintained over time.

Interobserver Agreement Data
For Neptune, an independent observer collected interobserver agreement data for
51 of 86 total sessions (59.3%), resulting in an average agreement score of 98.0%. The
observer collected agreement data for 13 of 20 sessions in the baseline and maintenance
phases (65%), 26 of 54 sessions in the generalization phases (48.1%), and 12 out of 12
sessions in the teaching phase (100%). The resulting average agreement scores were
96.7%, 98.4%, and 99.2%, respectively.
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Treatment Integrity Data
For Neptune, treatment integrity data were collected for 50 of 86 total sessions
(58.1%), resulting in an average agreement score of 99.6%. The observer collected
integrity data in 13 of 20 baseline and maintenance sessions (65%), 25 of 54
generalization-phase sessions (46.3%), and 12 out of 12 teaching sessions (100%). The
average treatment integrity scores were 100%, 99.1%, and 100%, respectively.

Social Validity Measures
Survey. In the pilot experiment and Experiment 1, we asked each participant to
rate the acceptability of our intervention following completion of the study. In Experiments
2 and 3, we asked the parent of each participant to rate the acceptability of our intervention.
The survey can be found in Appendix E; irrelevant questions were omitted.
In Experiments 2 and 3, we also administered a survey to James, Madeline,
Malcolm, and Neptune. Neptune wrote the answers to his questions. If he had not been
able to write the answers to his questions, the experimenter would have transcribed his
answers. Neptune first answered the question “What does research mean? What did we do
together?” He then circled the answers to a five-question multiple-choice survey (found in
Appendix K) regarding his satisfaction with the research. On the next page, he answered
the open-ended questions “What was your favorite part?” and “Was there anything you did
not like?”
Preference Assessment. As a further evaluation of the social validity of our
procedures and to validate the results from Neptune’s survey, we also conducted a brief,
three-trial concurrent operants preference assessment (e.g., Brower-Breitwieser et al.,
2008) adapted from the procedures developed by Call et al. (2013) and extended by Morris
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and Vollmer (2020). Specifically, we measured Neptune’s percentage of session on the
research side of a divider, calculated by dividing his duration spent on the research side by
the total session duration (3 min). We also recorded the number of times he chose the
research side and the other side within each 3-min session, resulting in a cumulative
number of choices.
Ideally, this assessment would have been conducted in a small room with a closed
door, but such a setting was not available. Therefore, we conducted the assessment at the
participant’s kitchen table, in a separate room than his typical research sessions. An
approximately 18-in. (.45-m) tall divider was placed across the middle of the table,
splitting the table in half. Two chairs were placed side by side on either side of the divider,
facing the same direction. On one side, the experimenter set up the research materials,
including the stimulus box and at least one set of materials (e.g., sandpaper, cups of water).
The experimenter also requested an activity from the parent that was not highly preferred;
the parent provided a blank third-grade level reading comprehension workbook. The
workbook and a pencil were placed on the opposing side of the barrier.
Prior to every trial, the experimenter asked Neptune to stand exactly between the
two chairs, at the point where the barrier intersected the table’s edge. During one forcedexposure trial on each side prior to the preference trials, the experimenter prompted
Neptune to move from his central position to one side first, and then to the other, in a
random order. When Neptune was guided to the workbook side, he was instructed to sit
down and work on his workbook, and the experimenter provided praise every 20 to 30 s
contingent on on-task behavior for a total of 1 min. When Neptune was guided to the
research side, he was instructed to sit down, and the experimenter began conducting trials
identically to those in the 2-s delay during the teaching phase of the experiment. During the
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forced-exposure trials only, the experimenter denied Neptune’s requests to switch sides but
explained that he could switch during the next trial; specifically, Neptune asked if he could
choose research during the workbook forced-exposure trial.
When the preference trials began, the experimenter asked Neptune to stand
between the two chairs, in front of the barrier. The experimenter then gave the instruction,
“You can choose whether you want to do research or your workbook by going to the
mystery box or your workbook. You can change your mind and go to the other side any
time,” and started a 3-min timer. As soon as Neptune crossed over to one side (i.e., whole
body on one side of the barrier, seated in the corresponding chair), the experimenter began
talking about whichever task was on the chosen side. For example, when Neptune moved
to the research side, the experimenter immediately began presenting the research script. No
prompts to remain on either side were provided, and the experimenter reminded Neptune
that he could switch sides at any time. The task continued throughout the 3-min session.
We conducted three choice trials.

Results
Figure 39 displays Neptune’s results.

Rough
During the no-comparison pre-test probe for the rough stimulus set, Neptune
responded correctly during 10% of trials and responded variably by reporting Level 1 as
both “5” and “6,” Level 2 as “2” and “7,” Level 3 as “1” and “10,” Level 4 as “5” and “9,”
and Level 5 as “4” and “8.” In the no-comparison post-test probe, Neptune scored 40%
correct. See below for further description of variability in all three stimulus sets. It is
important to note that during the initial baseline and generalization sessions prior to
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teaching, for all stimulus sets, Neptune typically responded to each stimulus according to
the order of trial presentation. For instance, if intensity Level 1 was presented on the first
trial, Neptune tacted “1,” but if intensity Level 1 was presented on the fifth trial, Neptune
tacted “5.” He essentially counted the trials in each trial block, typically vocalizing
numbers one through 10 during each trial block. He sometimes emitted a response before
adequately contacting the stimulus, as he was counting; in those cases, the experimenter
asked him to feel the stimulus before responding. Due to this pattern of responding,
Neptune occasionally responded correctly; however, he did not respond correctly during
more than 20% of trials per session prior to the introduction of teaching in the pre-test
generalization probes for any of the three sets or the baseline sessions in the rough or
heavy stimulus sets, as no more than two trials per session ever corresponded with their
position in the pre-arranged trial block (e.g., Level 3 in the third trial and Level 5 in the
fifth trial).
During the baseline phase for sandpaper, Neptune scored exactly 20% correct in all
three sessions. After two sessions at a 0-s delay for the rough stimulus set, Neptune scored
100% in two consecutive sessions at the 2-s delay, reaching mastery in four total teaching
sessions. Neptune scored 20% on the pre-test generalization probe for abstraction (1, 2
Subset 2) and 30% on the post-test.
He responded correctly during 0% of trials on the pre-test for DRR to novel intensities (4,
5 Subset 1) and 0% on the post-test. Neptune responded correctly during 0% of trials on
the pre-test for DRR to novel intensities with novel stimuli (4, 5 Subset 2) and 0% on the
post-test. Finally, he scored 20% on the pre-test for stimulus generalization to a novel body
part (1, 2 Subset 1) and 100% on the post-test.
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Although Neptune’s percentages of correct responding in both DRR post-test
probes in the heavy set were 0%, in the probe of DRR to novel intensities with novel
stimuli, he tacted “10” in five out of five presentations of Level 5 and he tacted “7” in four
out of five presentations of Level 4, tacting “9” in the other presentation of Level 4.

Heavy
During the no-comparison probe for the heavy stimulus set, Neptune responded
correctly during 20% of trials and reported Level 1 as both “4” and “8,” Level 2 as “1” and
“9,” Level 3 as “3” and “6,” Level 4 as “2” and “7,” and Level 5 as “5” and “10.” Neptune
scored 30% correct on the no-comparison post-test probe.
Neptune scored 0% correct in all five baseline sessions for heaviness of the bags of
chain. Heavy was the second stimulus set for which teaching was introduced, and in the
prompt session, Neptune began to attempt responding during or before the experimenter’s
immediate prompt. Therefore, at the 0-s delay, he scored 10% independent and correct, and
in two subsequent sessions at the 2-s delay, he scored 100% and 90%, reaching mastery in
three total teaching sessions.
For the heavy stimulus set, Neptune scored 20% on the pre-test generalization
probe for abstraction (1, 2 Subset 2) and 100% on the post-test. He responded correctly
during 0% of trials on the pre-test for DRR to novel intensities (4, 5 Subset 1) and 0% on
the post-test. Neptune responded correctly during 0% of trials on the pre-test for DRR to
novel intensities with novel stimuli (4, 5 Subset 2) and 0% on the post-test. He scored 20%
on the pre-test for stimulus generalization to a novel body part (1, 2 Subset 1) and 100% on
the post-test.
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Temperature
During the no-comparison pre-test probe for the temperature stimulus set, Neptune
responded correctly during 0% of trials and responded variably by reporting Level 1 as “5”
and “9,” Level 2 as “1” and “7,” Level 3 as “1” and “10,” Level 4 as “3” and “8,” and
Level 5 as “4” and “6.” During the no-comparison post-test probe, Neptune responded
correctly during 20% of trials.
In baseline for the temperature set, Neptune’s responding increased to 50% after the
prompt was faded to a 2-s delay in the rough set, dropped to 0% for two sessions, and then
increased to 70% for one session when the prompt was faded to a 2-s delay in the heavy
set. Responding decreased to 0% for two consecutive sessions in baseline, resulting in an
average of 20% (range: 0%-70%) across the nine baseline sessions. After two sessions at a
0-s delay for the temperature stimulus set, Neptune responded correctly in 70%, 90%, and
100% of trials at the 2-s delay, reaching mastery in five total sessions.
For the temperature stimulus set, Neptune scored 20% on the pre-test
generalization probe for abstraction (1, 2 Subset 2) and 90% on the post-test. He responded
correctly during 0% of trials on the pre-test for DRR to novel intensities (4, 5 Subset 1) and
10% on the post-test. Neptune responded correctly during 10% of trials on the pre-test for
DRR to novel intensities with novel stimuli (4, 5 Subset 2) and 0% on the post-test. He
scored 20% on the pre-test for stimulus generalization to a novel body part (1, 2 Subset 1)
and 20% on the post-test.

Variability
Figure 40, Figure 41, and Figure 42 display each of Neptune’s different responses
in the thirty pre- and post-test generalization probes in the rough, heavy, and temperature
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sets, respectively. For Levels 1, 3, and 5 in the rough set, Levels 1, 2, 3, and 5, and Levels
2, 3, and 5 in the temperature set, Neptune’s range of responses reported decreased from
pre- to post-test. Figure 43, Figure 44, and Figure 45 show the average number of
responses per intensity level for the rough, heavy, and temperature sets, respectively.
Neptune’s average responses per intensity moved closer to 1 in five out of five (i.e., all)
post-test probes (rough), five out of five probes (temperature), and five out of five probes
(heavy).
Table 4 displays Neptune’s variability scores and Table 5 displays his
discrimination scores. Neptune’s discrimination scores were all positive, suggesting
decreased variability in all three stimulus sets. His greatest decrease in variability occurred
in the heavy stimulus set. Neptune’s discrimination scores decreased in all stimulus sets,
suggesting improved discrimination from pre- to post-test.

Post-generalization Results
Based on Neptune’s generalization results, he failed the following probes in the
rough set: abstraction, DRR to novel intensities, DRR to novel intensities with novel
stimuli, and the no-comparison probe. The initial retest for the abstraction probe was
terminated after four trials in which Neptune responded 50% correct. In the generalization
probe after the matching procedure was implemented, Neptune scored 100% on the
abstraction probe. After the exclusion procedure for Levels 4 and 5 of the sandpaper,
Neptune responded correctly in 90% of trials in the DRR to novel intensities probe.
However, in the subsequent four-trial DRR to novel intensities with novel stimuli probe, he
scored 0% correct in the first four trials and the session was terminated. Following the
exclusion procedure for Levels 4 and 5 of the files, Neptune scored 70% correct. The nocomparison probe was repeated at this time and Neptune scored 80% correct.
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In the heavy set, Neptune failed to generalize in the DRR to novel intensities, DRR
to novel intensities with novel stimuli, and the no-comparison probe. After Neptune had
responded correctly in the final DRR probes in the rough set, he responded at 0% correct in
the DRR probe to novel intensities in the heavy set. After the exclusion procedure was
implemented for Levels 4 and 5 of the bags of chain only, Neptune’s responding increased
to 70% (DRR to novel intensities), 80% (DRR to novel intensities with novel stimuli), and
90% (no-comparison probe).
In the temperature set, Neptune responded at low levels in the DRR probes, the
stimulus generalization to a novel body part probe, and the no-comparison probe. Neptune
responded correctly in 80% of trials in the teaching booster, followed by 90% correct
responding in the stimulus generalization to a novel body part probe. After successfully
responding to the DRR probes in the previous two sets, Neptune scored 0% in the first four
trials of the DRR to novel intensities probe in the temperature set. After the exclusion
procedure, he scored 60% correct. The next DRR to novel intensities with novel stimuli
(gel packs Level 4 and 5) probe was conducted, during which Neptune scored 30% correct.
At this point, the exclusion procedure was attempted for Subset 2, Levels 4 and 5, but after
several trials, Neptune did not respond correctly consistently, and the exclusion
intervention was concluded for the temperature stimulus set.
When the visual prompt was introduced, Neptune’s responding increased to 100%
for the DRR to novel intensities probe, 90% for the DRR to novel intensities with novel
stimuli probe, and 80% in the no-comparison probe. The next session took place after a 1week break. The experimenter reviewed the visual prompt with Neptune again, and then
conducted a session under the original generalization conditions, during which Neptune’s
correct responding decreased to 50%. In the reinforcement session, Neptune’s no-
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comparison session responding increased to 70%. In the final return to the original
generalization conditions, Neptune’s scored 90% correct in the DRR to novel intensities
probe, 80% correct in the DRR to novel intensities with novel stimuli probe, and 70% in
the no-comparison probe. During these final sessions, he frequently tacted the object from
the visual prompt that matched the tactile stimulus (e.g., he said “it feels like a bathtub”
while feeling a Level 4) prior to emitting the numerical tact, although the visual prompt
was not present.

Maintenance
In the maintenance probes, Neptune responded correctly in 90%, 100%, and 80%
in the rough, heavy, and temperature sets, respectively.

Social Validity Results
Adult Survey. All three adult participants and two parents of the participants in
Experiments 2 and 3 responded to our survey, resulting in five respondents. Participants
responded to all six questions, and the parent responded to the four questions that did not
require direct experience in the experiment. Each respondent reported that they agreed (4)
or strongly agreed (5) with the statement “I found the procedures used in this experiment
acceptable” (M = 4.6). Each respondent reported that they felt neutral (3), agreed (4), or
strongly agreed (5) with the statement “I believe this study would be acceptable to use with
individuals with limited communication skills” (M = 4.4). Neptune’s mother reported that
she agreed but added the note “I think it would depend on the participant’s cognitive
ability. For my kids, yes.” The respondents reported that they agreed or strongly agreed (M
= 4.6) with the statement “This study could help teach children with ASD to numerically
rate the intensity of sensations.” The respondents reported that they felt neutral, agreed, or
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strongly agreed (M = 4) with the statement “The stimulation in this study felt similar to
painful sensations (without being painful).” The respondents reported that they agreed or
strongly agreed (M = 4.8) with the statement “Being able to rate intensities or levels of
sensations is an important communication skill.” Finally, all three participants in
Experiment 1 reported that they strongly disagreed (1) with the statement “The stimulation
in this study was painful.”
Child Survey. All four participants in Experiments 2 and 3 completed our social
validity survey for children. Madeline, Malcolm, and Neptune independently wrote
answers to their open-ended questions; James’ mother transcribed his responses. All four
participants circled their own responses in the multiple-choice portion of the survey.
When asked “What does research mean? What did we do together?” James
responded, “It means you learn things, and also so you can know about things.” Madeline
wrote, “We felt water and more and we guessed what number it is.” Malcolm’s answer was
“It means to do work to play Nintendo.” Neptune wrote “sandpaper water bags of chain
files gen pack water jug.”
In response to the question “Did you like this research?” 25% of the four
respondents circled “Yes” and the green, smiling face. In response to the question “Was
this research fun?” 100% of the respondents circled “Yes” and the green, smiling face. In
response to the question “Will you do research with us again?” 50% of the respondents
circled “Yes” and the green, smiling face, and 50% of the respondents circled “Maybe” and
the yellow, neutral face. In response to the question “Did anything hurt in this research?”
50% of the participants circled “No” and the green, smiling face, 25% circled “I don’t
know” and the grey question mark, and 25% circled “Sometimes” and the yellow, neutral
face. When the child from Experiment 2 who circled “Sometimes” was asked what hurt, he
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first responded that he fell down and that his leg got hurt; he then said that the research
materials did not hurt him. When asked “Did you learn new things in this research?” 75%
of the respondents circled “Yes” and the green, smiling face.
When asked “What was your favorite part? Or what did you like most?” James
responded “I wasn’t in it for the candy because candy’s not healthy. My favorite part was
the research.” Madeline responded, “I don’t know,” Malcolm wrote “The candy,” and
Neptune wrote “gel pack.” When asked “Was there anything you did not like?” James said,
“I liked the whole thing of search.” Madeline wrote “nope,” Malcolm answered “no,” and
Neptune wrote “water.”
Neptune.
Survey Results. As Neptune was the only participant with ASD, we will report his
survey results independently, as well. Specifically, Neptune circled “Sometimes” and the
yellow, neutral face in response to the question “Did you like this research?” He circled
“Yes” and the green, smiling face in response to the questions “Was this research fun?”
“Will you do research with us again?” and “Did you learn new things in this research?”
Under the question “Did you learn new things in this research?” Neptune also wrote “water
gel pack chain water jugs sandpaper and files.” Neptune circled “No” and the
corresponding green, smiling face in response to the question “Did anything hurt in this
research?”
Preference Assessment Results. Neptune’s research preference assessment results
are displayed in Figure 46. Neptune chose to do research sessions for all three choice trials.
In the third trial, when he left the preference assessment table, he went to get a paper towel
and then returned to the research side immediately, resulting in two selections to do
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research. Neptune’s percentages of session in research were 100%, 98.9%, and 88.3%.
Neptune never chose his workbook.
Neptune’s Verbal Reports. During the pre-test generalization probe to a novel
body part in the temperature stimulus set, the experimenter squirted ice-cold water (i.e.,
Level 1) on Neptune’s foot. When he felt the water, he said, “The water makes me laugh!”
and “I am very happy!” and laughed in every trial. In the post-test probe, he also laughed
and stated that the water made him laugh when it was squirted on his foot. Additionally,
throughout the study, Neptune manded for specific stimulus sets (e.g., “Can we do
sandpaper next?” “Are we going to do bags of chain next?”).
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Chapter 6
General Discussion
The purpose of the present study was to evaluate a procedure for teaching
individuals with and without developmental disabilities to tact intensities of the sensations
rough, tight, heavy, and hot. The purpose of Experiment 2 was to update and evaluate the
procedures from Experiment 1 for use with children, and the purpose of Experiment 3 was
to further update these procedures and test them with a child with ASD.

Discussion of Results by Research Question
Research Question 1: Will typically developing adults and children and
a child with ASD learn to accurately tact various intensities of
stimulation?
Taken together, the findings from the pilot experiment and Experiments 1, 2, and 3
suggest that we can use our method to teach individuals with and without developmental
disabilities to accurately tact various intensities of stimulation using an 11-point (or 5point, in James’ case) numerical rating scale. Across tiers, the intensity targets were
arranged in sets of two and each of the seven participants reached the mastery criteria in
seven or fewer teaching sessions.
These findings support the conclusions Shields et al. (2003) drew; a VAS may
involve visual features incomprehensible to young children, and training outside of a
stressful medical setting could benefit children learning to rate intensities. However, two
children in our study required another type of visual support, suggesting that the familiarity
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or complexity of the visual support might impact success with a rating scale; this will be
discussed. The findings of the present study also extend the findings of Ackerley et al.
(2012) and others; Ackerley et al. used a 101-point VAS to measure individuals’ ratings of
wetness intensity and found that the participants discriminated between levels of wetness.
Additionally, Brown et al. (1973) measured adults’ intensity ratings on an 11-point NRS
with anchors at 0, 2, 4, 6, 8, and 10, but the reports were obtained following contact with
painful stimuli, rather than during contact. The participants were required to recall
intensities from three time points during the exposure (threshold, maximum, and removal).
Kelley et al. (1984) also obtained pain ratings from two hospitalized typically developing
young girls. Although the present study did not evaluate actual pain, it serves as an
extension of these studies because we directly taught participants to discriminate and tact
various non-painful intensity levels, the participants were required to emit those tacts
during contact with the tactile stimuli, and the present study included a child with ASD.
Variability. Because Roger experienced two stimulus sets, Alex experienced three
stimulus sets, Jamie experienced three stimulus sets, Neptune experienced three stimulus
sets, and Madeline, James, and Malcolm each experienced one stimulus set, a total of 28
figures display the variability data. In the 14 figures that display the individual responses
and ranges, we expected decreased variability from pre-test to post-test in the form of
decreased ranges. In the 14 figures displaying the average number of responses per
intensity level within each generalization probe, we expected to see improved
discrimination of the intensity levels to appear as average numbers of responses closer to 1,
which would suggest that the participant emitted closer to exactly one response per
presented stimulus. If the participant emitted one response (i.e., the same response, e.g.,
saying “4” when presented with both Levels 4 and 5) to two stimuli, this graph would
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display .5 as the average number of responses per intensity level. If the participant emitted
three responses to two stimuli, this graph would display 1.5 as the average number of
responses per intensity level.
As described in each experiment’s results section, the participants in the pilot
experiment and Experiment 1 demonstrated decreased variability and improved
discrimination (i.e., closer to 1 average response per intensity) in 23 out of 40
generalization probes. In Experiment 2, the participants demonstrated decreased variability
in terms of average responses per intensity in eight out of 15 generalization probes. In
Experiment 3, Neptune demonstrated decreased variability in 15 out of 15 generalization
probes. Therefore, greater than half of the total post-test probes in the overall study
demonstrated this improvement.
Support for this finding comes from all of the participants’ variability and
discrimination scores. All seven participants’ 14 individual stimulus sets display positive
variability scores, suggesting that participants’ range of responses to each intensity level
decreased from pre- to post-test. Post-test discrimination scores similarly demonstrate
improved discrimination from pre- to post-test in 13 out of 14 stimulus sets, and in the one
other stimulus set, the discrimination score remained the same from pre- to post-test.
Further, these decreases in variability and improvements in discrimination were observed
even when our other dependent measure (percentage of correct tacts) indicated low
performance because participants were scored against experimenter predetermined ratings.
Given the subjective nature of intensity ratings, variability and discrimination are arguably
more practical measures that demonstrate that learning occurred and may be more
applicable to real-world scenarios.
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Overall, the participants learned to tact the taught intensity targets, variability of
tactile tacts generally decreased, and tactile discrimination improved; these results suggest
that our intervention was effective in teaching individuals to discriminate and tact
intensities. In particular, we observed great decreases in variability in our participant with
ASD, suggesting that this procedure may be effective for use with individuals with ASD.
Learning to use a numerical rating scale may be an important skill for many reasons.
Beyond the assessment of pain, children may be asked to answer questions about rating
their own behavior, their own understanding, or their own preference of something. Even if
a child does not readily generalize ratings to novel numbers or levels, a child who can
quickly learn to use a rating scale may be able to use it for any of these other purposes.

Research Question 2: To what extent will teaching typically developing
adults and children, as well as a child with ASD, to tact intensities
result in these individuals tacting novel intensities, intensities of novel
similar stimuli, and intensities on novel body parts?
Novel, Similar Stimuli. Compiling the results of the post-test generalization
probes from all participants, there were a total of 14 post-test generalization phases. Of the
14 probes of novel, similar stimuli across stimulus sets, generalization was observed in
nine probes, or the majority of the probes. This suggests that our teaching procedures were
effective in producing generalization of the taught intensity tacts to novel, similar stimuli.
This finding aligns with the findings of Belisle et al. (2019) and Rajagopal et al. (2021);
both research groups found that after teaching tactile tacts with visual stimuli concealed,
participants abstracted the tacts to novel, similar stimuli that produced the same sensation.
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Notably, Neptune required an additional procedure to produce adequate
generalization to the novel, similar stimuli (Levels 1 and 2, Subset 2 [files]) in the rough
stimulus set only. In the present study, unlike Belisle et al. (2019) and Rajagopal et al.
(2021), we did not incorporate multiple exemplar training. We could have incorporated
multiple exemplar training into the present study by presenting at least two examples of
Level 1 and Level 2 to Neptune in the teaching subset, or by training another rough subset
separately before conducting his abstraction probe a second time. Due to the resources
required to acquire, create, and match materials for this study, we only used two subsets
per sensation. Lack of sufficient exemplars (Stokes & Baer, 1977) may have contributed to
Neptune’s abstraction failure in the rough stimulus set. However, he did generalize to
novel, similar stimuli in the other two stimulus sets, a finding that implicates factors
specific to the rough stimulus set.
We conducted the abstraction probe in the rough set a second time after Neptune
had mastered tacts of Levels 1 and 2 in Subset 1 in both the heavy and temperature
stimulus sets and generalized to Levels 1 and 2 in Subset 2 in both the heavy and
temperature stimulus sets, to evaluate whether four additional (i.e., multiple) exemplars of
Levels 1 and 2 across sensations might have led to abstraction in the rough set. Responding
did not improve sufficiently, suggesting that additional training for the rough set
specifically was required.
Another explanation for Neptune’s lack of abstraction in the rough set is that he
might have attended to noncritical features such as the shape, size, thickness, or flexibility
of the sandpaper compared with the files, in addition to or instead of the grit size, the
intended critical feature that should evoke an intensity tact. In the heavy set, the major
tactile difference between subsets was the handles on the bags of chain versus the water
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jugs, and in temperature Subset 1, the only tactile stimuli were the sensations of the water
and its temperature; thus, there may have been fewer noncritical features in the other
stimulus sets. Returning to the rough set, Level 1 for sandpaper was a thin piece of
cardboard, while Levels 2 through 5 were thin pieces of sandpaper. Although very similar,
there may have been slight differences in the overall tactile stimuli from the cardboard
versus the sandpaper, such as in thickness or in flexibility. Neptune may have attended to
these slight differences rather than to the grit size of the sandpaper versus the smoothness
of the cardboard. Each of these noncritical features was present during 100% of teaching
trials in the rough set and therefore highly correlated with reinforcement.
Song et al. (2021) conducted a translational study with typically developed adults
to examine how different percentages of correlation between noncritical features and
reinforcement impact stimulus generalization. The researchers began with a preexperimental sorting task to assess whether the participants would group stimuli based on
the critical feature, followed by matching-to-sample sessions that involved auditory-visual
conditional discriminations. The auditory stimulus was an arbitrary syllable, and the
comparison stimuli were arrows rotated to different degrees. The critical feature was the
degree of rotation, and the noncritical features were colors and dots within the arrows.
Throughout the matching sessions, the critical feature (i.e., correct degree of rotation) was
correlated with reinforcement 100% of the time. Across two groups, each noncritical
feature variation (e.g., different numbers of dots) was either presented with the critical
feature and therefore correlated with reinforcement during the same percentage of trials
(“even” group) or varied percentages of trials (“uneven” group). None of the generalization
target arrows included identical noncritical features (e.g., same color) to the teaching
stimuli, to isolate the critical feature of rotation. Additionally, the experimenters included
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the noncritical features that had been highly correlated with reinforcement in the nonexamples in the generalization probes, to assess which noncritical features might evoke
incorrect responses. Song et al. found that the uneven group displayed greater numbers of
trials until the mastery criterion was achieved and potential faulty stimulus control,
compared with the even group.
Although the Song et al. (2021) study was conducted with visual stimuli and
features, its implications may be relevant to tactile stimuli, as tactile stimuli often contain
critical tactile features combined with noncritical tactile or visual features. Given the
findings of Belisle et al. (2019), Song et al. (2021), and Rajagopal et al. (2021), it is
possible that in addition to removing the visual features of a target stimulus, it may be
helpful to vary teaching exemplars within sensation stimulus sets so that the critical tactile
features are sufficiently isolated and will control an individual’s sensation or intensity tact.
In the present study, however, we incorporated other strategies to promote
generalization, including the transfer of stimulus control from matching to tacting
procedure for the abstraction probe. As described previously, this procedure entailed
providing Neptune with the originally taught intensity set (Levels 1 and 2, sandpaper) one
at a time, asking him to tact the target, praising the correct tact, and then providing him
with an array of two novel stimuli and asking him to find the match of the original
intensity/stimulus. After a correct match, the experimenter provided praise and a token,
then asked Neptune to tact the intensity, which did not produce a reinforcing consequence.
This procedure was successful in producing generalization to the novel stimulus subset in
the rough set. It is possible that this procedure worked because Neptune had a prior
learning history that allowed him to form auditory-tactile equivalence classes.
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Past researchers have used stimulus equivalence procedures to evaluate the
emergence of cross-modal equivalence classes including tactile stimuli in typically
developing children (Bush, 1993; O’Leary & Bush, 1996), typically developed adults
(Belanich & Fields, 1999; Tierney et al., 1995), and children with disabilities (Mullen et
al., 2017). Some studies involved relations between auditory, tactile, and visual stimuli
(Bush, 1993; Mullen et al., 2017), while others involved only visual and tactile stimuli
(Belanich & Fields, 1999; Tierney et al., 1995), and one study only included tactile-tactile
relations (O’Leary & Bush, 1996). Overall, these studies demonstrated the emergence of
equivalence classes including tactile stimuli.
To demonstrate that equivalence classes have formed, an individual must
demonstrate certain untrained conditional discrimination tasks (i.e., reflexivity, symmetry,
and transitivity; Sidman & Tailby, 1982). To illustrate how this may have occurred with
Neptune before the abstraction probe, we will consider Level 1 of the sandpaper to be
stimulus A1, the auditory stimulus “1” to be stimulus B1, and Level 1 of the file to be
stimulus C1. After learning to match sandpaper (A1) with “1” (B1), that is, tacting “1” in
the presence of Level 1 sandpaper, Neptune did not readily match B1 (“1”) with C1 (file).
Therefore, we tested and reinforced matches between A1 (sandpaper) and C1 (file).
Following this, Neptune had demonstrated matching between A1 and B1, and A1 and C1.
We then tested for the relation between B1 (“1”) and C1 (Level 1 file), which Neptune
demonstrated without direct training. This relation is known as transitivity; stimulus
equivalence arrangements may provide an efficient way of producing generalization in
tactile tact training.
Novel Body Parts. Stimulus generalization of the taught tacts to novel body parts
occurred in 11 of 14 post-test probes. This finding extends those of past researchers who
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found that tactile intensity ratings (Ackerley et al., 2012) and body part-sensation tacts
(Rajagopal et al., 2021) remained similar on various body parts. The ability to locate
sensations and pain and to tact the intensity experienced on different parts of the body may
provide valuable information to healthcare professionals. Even if a child under or
overestimates the intensity of the sensation, any tact in the general area of pain might
prompt further evaluation and diagnosis. Additionally, identifying the location of pain can
prevent intrusive medical exams (Breau et al., 2006). If an individual can learn to tact
intensities of sensations using only their hand and generalize those responses to untrained
body parts, then teaching does not have to be conducted on various parts of the body.
James, Malcolm, and Neptune did not generalize the intensity tacts to a novel body
part for the water temperature subset. For James, we tested for generalization to his new
body part (his arm) after conducting a teaching booster session (in which he responded
correctly in a high percentage of trials), providing him with a rule, and allowing him to
look at the visual prompt during the session. None of these interventions were effective;
James’ responding in the novel body part probe only improved after training with the
visual prompt.
Neptune failed to generalize responding to the novel body part (his foot) in the
temperature stimulus set only. After the teaching booster session, his responding
immediately increased to a sufficient level. Interestingly, this was the only post-test probe
for stimulus generalization to a novel body part that Neptune failed, and it contained the
same intensities and stimuli as James’ novel body part probe. Neptune responded with the
most variability (range: 1-10, average responses per intensity: 4.5) to this particular probe;
he seemed to count the trials as he did in the pre-test. James responded with three different
responses to Level 1, and two different responses to Level 2, and responded to both stimuli

TACTING INTENSITY

163

by tacting “1” and “3.” This probe was the fourth post-test generalization probe in the
temperature set for both boys. An additional similar pattern in James’ and Neptune’s
responding in the temperature set is displayed in the high percentage of correct responding
to the abstraction probe, followed by low percentages of correct responding to the DRR
probes, the stimulus generalization to a novel body part probe, and finally, the nocomparison probe. The generalization procedures specified that tokens and praise should
not be delivered contingent on correct responses (although it is important to note that
Neptune continued to praise himself in the absence of the experimenter’s praise). It is
possible that by the time the novel body part probe was conducted–after contacting
extinction for correct responses in the initial abstraction probe, followed by the
introduction of novel intensities—baseline patterns of responding had reemerged. This
phenomenon is known as resurgence, or the relapse of a previous behavior upon extinction
of a more recently reinforced alternative behavior (Bouton et al., 2012).
Fortunately, the teaching booster session alone was effective for Neptune; it is
possible that priming (Catania, 1984) occurred in the teaching booster session and
impacted responding in the subsequent probe session. Neptune, a participant with ASD, did
not require any additional interventions aside from the original teaching procedures to
independently tact the intensities on a different body part under baseline conditions. This
suggests that although he failed the initial novel body part probe, our teaching procedures
may still promote generalization to novel body parts, and direct teaching on less public or
sensitive body parts may not be necessary.
Novel Intensities. Generalization only occurred in three of the 28 total DRR
probes (i.e., DRR to novel intensities in Subset 1; Subset 2); this number does not include
the no-comparison probes. This suggests that our procedure was not effective in producing
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generalization to novel intensities; derived relational responding did not occur. This
finding has implications for pain; if participants had accurately derived tacts of novel nonpainful intensities, they might have also been able to respond accurately to painful
intensities. James generalized to novel intensities following training with the visual
prompt; Neptune generalized to novel intensities after experiencing the exclusion
procedure in the rough and heavy sets and when the visual prompt was introduced in the
temperature set.
The exclusion procedure involved introducing multiple (i.e., three) comparison
stimuli and reinforcement for correct known tacts interspersed with trials of unknown
intensities, for which no praise or tokens were delivered. Both of these features—
additional comparison stimuli and a denser schedule of reinforcement—may have
contributed to Neptune’s subsequent improvements in responding to novel intensities.
Therefore, future participants could benefit from primer trials including previously trained
stimuli.
The visual prompt may have worked similarly to the transfer procedure to establish
auditory-visual-tactile equivalence classes containing the tact (e.g., “4”), the picture on the
scale (e.g., bathtub of water), and the sensation of the water or gel pack temperature (e.g.,
90 °F). In the future, a more systematic approach to establishing the equivalence classes
could be implemented at the outset of training (e.g., Mullen et al., 2017) if we hypothesize
that a child will benefit from a visual prompt. The experimenter could first train the
individual to match the auditory stimulus (e.g., “4”) to the picture on the scale associated
with that number (e.g., a bathtub of water), then teach the child to match the picture on the
scale (e.g., bathtub; no numbers present) to the tactile stimulus (e.g., water temperature at
90° F). Finally, tests for transitivity would occur in which the experimenter would: (a)
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present an auditory sample stimulus (e.g., “5”) and the participant would select a tactile
stimulus (e.g., gel pack at 103° F) from an array of different temperature stimuli and (b) the
experimenter would present the target intensity level and ask the participant to vocally emit
the matching auditory stimulus (i.e., tact the intensity level).
It is possible that the children who participated in the present study did not have
the prerequisites to emit the derived relational responses to novel intensities. For example,
future researchers might want to ensure that participants can match equivalent but
nonidentical temperatures, weights, and grit sizes. Further, to emit a tact of a novel
intensity (e.g., “4”), the participant would need to discriminate a Level 4 stimulus from a
Level 3 stimulus and be able to tact that it is at least one “level” greater than Level 3.
Therefore, future researchers could include testing and training to ensure that participants
can tact relative magnitudes of the target sensations (see O’Riordan & Passetti, 2006,
Experiment 2).
James did not initially demonstrate tacts of novel intensities in novel stimuli.
However, after we introduced the visual prompt to James, at the end of a research visit, his
mother gave him a slice of pizza that had just been removed from the oven. James took a
bite of the pizza and winced and puckered his lips. The experimenter asked him what was
wrong. James replied that the pizza was too hot. The experimenter then asked him, “On a
scale of 1 to 5, how does it feel?” and James tacted “5.” Level 5 was an untaught intensity
for James, and the tact occurred in response to a novel stimulus (pizza) in the natural
environment. The stimulation could also be considered somewhat similar to pain.
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Research Question 3: How will consumers of the research (i.e.,
participants and parents) rate the acceptability of the goals, procedures,
and outcomes of the study?
Overall, the typically developing adult participants and the parent found the study
procedures acceptable and potentially effective for use with children with ASD, and they
agreed that the targeted skill was an important communication skill. According to the
survey results, the children who participated in the study generally enjoyed the research
and felt that they learned new things by participating.
All three adult participants and two out of four child participants agreed that the
materials were not painful. One child participant said, “I don’t know,” and the child who
responded “Sometimes” elaborated on his response, indicating that the study materials
were unlikely to have caused him pain. Additionally, when asked, Neptune said that the
water did not hurt, he just did not like it. These responses suggest that we likely achieved
our objective to avoid producing pain.
Adult responses to the statement about the stimulation feeling similar to pain
without actually feeling painful varied, ranging from scores of 3 to 5. Future researchers
could explore sensations that are more like pain, such as varying levels from dull to sharp.
Ensuring that participants experience the sensations as somewhat similar to pain (without
actually being painful) may increase the likelihood of generalization to higher intensities or
painful sensations after the study.
Interestingly, although the child responses to whether they liked the research
varied, all four children reported that the research was fun. Two children also reported that
they would do research with us again. Discrepancies between responses to the first two
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questions could have resulted from some of the children misunderstanding one or more of
the questions. On the other hand, the children may have rated certain aspects of the
research in one question, and other aspects in the other question. For example, the children
may have recalled the trials, various stimulus sets or intensities, or the between-session
play when answering questions. Based on the responses to the open-ended questions, it
does seem that all four children had some understanding of what it means to participate in
a research study, suggesting that they likely answered the questions about the correct
activity. In the future, we could check each child’s understanding of the questions. Three
out of four children also reported that they learned new things in the research. The oldest
participant in Experiment 2 was the only participant who responded “I don’t know” when
asked if she learned new things. Overall, the child survey responses suggest that young
children may benefit from our research.
Neptune indicated that the research was fun, that he would do research with us
again, and that he learned new things in the research. Further, Neptune always chose to do
research over his workbook in the research preference assessment, which was conducted
after the survey. In the future, we may want to offer multiple alternative activities that vary
in preference in different choice trials. The correspondence between Neptune’s survey
responses, such as wanting to do research again in the future, and his selection responses in
the preference assessment suggests that the survey was a valid measure of Neptune’s
experience in the study.
In addition to Neptune’s mother’s survey responses, she also mentioned in the
debrief meeting that Neptune had spontaneously tacted the sensation “rough” and
responded to a question of intensity with a numerical tact, although she could not recall the
specifics of the antecedent that occasioned the tact or the exact number; she guessed that it
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was “3.” Additionally, Neptune’s mother vocally stated that she found the research
beneficial, she observed her child enjoying and requesting the research, and she mentioned
on several occasions that her child did not indicate the intensity of his pain and would
benefit from the targeted skill in relation to pain.
In summary, the outcomes of our social validity measures suggest that our goals
and procedures are acceptable for children with ASD, and that young children enjoy and
benefit from our research. Given that the tactile sense modality is infrequently studied and
that we incorporated other unique features (e.g., the stimulus box), it is especially
important that we collected measures of all four children’s enjoyment and perceived
benefit of our research. Future studies in this line of research should continue to assess
whether children with ASD enjoy the research and choose to participate.

Limitations
Several limitations of the current study exist. For one, the experimenter created the
intensity levels based on her own perception; because it was important for the intensity
levels to be discriminable by touch, the levels were not always equidistant. As an example,
in the heavy stimulus set, the weight difference between Level 1 and Level 2 was less than
the weight difference between Level 4 and Level 5, because as the bags of chain and water
jugs were made heavier, they became less discriminable from adjacent levels. Therefore,
more weight needed to be added to the heavier levels. Despite the somewhat subjective
nature of the intensity target selection, our goal was to teach the higher-order concept of
relative ratings of various intensities, as opposed to directly teaching specific numerical
tacts. Tacting relative intensities alone is an important skill; in a medical setting, pain
treatment outcomes are often assessed based on the direction and amount of change in pain
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before and after treatment, rather than the specific numbers. In our study, one other
individual confirmed the discriminability and relativity of the intensities prior to the
participants contacting the materials, but going forward, researchers may benefit from
requesting and averaging ratings from a larger sample to determine the intensity levels.
Second, this research required numerous materials, some of which were
challenging to transport (due to weight) and/or prepare. The material preparation for this
study was time consuming, and due to COVID-19 related safety precautions, an additional
15 to 30 min were required to sanitize materials before and after each session, which may
not be an issue in future replications of this experiment. The temperature subsets took
between 15 and 30 min to prepare and stabilize at the appropriate temperatures and were
similarly unwieldy to transport. Further, preparation varied across and within locations due
to the specific heat capacity of water; water temperature was likely influenced by the
temperature of the research room. Consistency of the cold/hot sensations could have also
been impacted by the dryness or wetness of each participant’s hand prior to contacting the
stimuli. However, we do not believe these factors greatly impacted our stimulus sets or the
participants’ responding, as all participants mastered the taught targets in the temperature
stimulus sets.
Clinicians who are interested in implementing our procedures with their clients
may benefit from conducting sessions in a clinic setting with ample, nearby storage.
Clinicians can easily create a stimulus box and include the materials from our rough
stimulus sets but they may consider modifying the other stimulus sets. For example, the
heavy and temperature sets could be constructed from common household objects that do
not require transportation or as much preparation. For example, the heavy sets could
include objects such as a feather or a textbook, and the temperature sets could be created
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using a wax warmer, a heating pad, or other devices that remain within safe temperature
ranges and do not include water.
A third limitation of this study was that intensity ratings are inherently subjective
(Fillingim, 2017). Our instruction, which described an NRS ranging from 0 to 10, may
have primed our participants to emit certain responses outside the range of intensities
presented. At times both before and after the teaching phase, some of the participants in
rated Levels 4 and 5 as levels in the upper range of the scale, such as “6,” “7,” “9,” and
“10,” or rated Level 1 as “0.” Because these did not correspond to the levels the
experimenter had determined to be “correct” tacts as defined for this study, those tacts
would not have been scored as correct, although they would have been subjectively
accurate for the speaker. Thus, our time-series graphs may not have fully captured
improvements in relative ratings; however, the variability graphs that display each
individual response in the pre- and post-test probes captured these improvements. Future
research may benefit from calibrating “correct” tacts to each participant’s natural ratings
and variability.
Fourth, although our variability measurement system provided valuable
information about participants’ learning throughout the study, it may be important to note
limitations. An example of a limitation was that any participant could have responded “5”
when presented with Level 4 and “3” when presented with Level 5, and if the participant
consistently tacted as such, the figure would indicate 1 as the average number of responses
per intensity level, despite incorrect relative ratings. However, it still may be beneficial to
evaluate whether the participant discriminated between the intensities, regardless of
whether the tacts corresponded with the experimenter’s ratings. Further, incorrect relative
ratings would have been captured on our other variability graph that displays individual

TACTING INTENSITY

171

responses, means, and ranges of responses to each numerical level. A participant could also
respond “4” and “5” to both Levels 4 and 5, and if those were the only two responses in the
10-trial block, the average would still appear as 1 despite failure to discriminate. However,
emitting two responses to two similar intensities may still be preferable to emitting a
variety of intensity tacts to each intensity level; therefore, decreases in variability may be
desirable, regardless. For example, although a doctor is unlikely to assume that a patient is
actually reporting different levels of pain when they tact both “8” and “7” within a brief
period, the doctor might also find that patient’s reports credible. On the other hand, a
patient who tacts their pain as both “8” and “3” within a brief period might be considered
less credible.
A fifth limitation of this study was that the stimulation in this study did not
produce actual pain, so the extent to which we can make claims about tacting the intensity
of painful sensations is limited. However, we evaluated our procedures and noted similar
findings across multiple types of sensations and stimuli, suggesting that generalization to
pain intensity may occur. Moreover, the child participants learned to tact relative quantities
in a novel sense modality (tactile sensations), another useful skill.
Finally, we only evaluated our procedure with one participant with ASD thus far;
including additional participants with a broad range of verbal skills would provide stronger
evidence for claims that our procedure may be effective for children with ASD. The
present study was intended to serve as a foundation for future research on procedures to
teach children with ASD to tact sensations and intensities, so we focused on initially
evaluating our procedures with six typically developing individuals who could have
vocally tacted any features of the study that were ineffective, impractical (e.g., the tight
stimulus set), or uncomfortable. The children in Experiment 2 participated in our study for
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a few months and experienced consecutive sessions during each visit, as did Neptune in
Experiment 3. Outcomes and observations from the pilot experiment and Experiments 1, 2,
and 3 suggest that our procedures are appropriate and unlikely to be aversive to children
with ASD, although appropriate precautions should always be taken.

Future Directions
For future participants in Experiment 3 and subsequent experiments, researchers
should consider including children who do not communicate vocally. The response
topography and response prompts should be modified accordingly. For example, if the
participant communicates through sign language, the experimenter could provide a
physical prompt for the child to position their hand to sign the correct number to indicate
the intensity level. If the participant communicates using an augmentative and alternative
communication (AAC) device or PECS, the experimenter could provide either a gestural or
physical prompt for the child to make the appropriate selection. If future participants
communicate vocally but do not have robust intraverbal repertoires, researchers may wish
to employ additional stimulus control transfer procedures on an individual basis; for
instance, researchers could begin by using a textual prompt or requiring a matching
response and gradually fading to only the tactile stimulus, rather than simply using an
echoic prompt.
Future studies should consider evaluating the prerequisites required for this type of
skill, and what prerequisites may be predictive of the skill of tacting intensities,
generalization to novel intensities, and application of this skill in real-world settings.
Although we ensured that the final participant with ASD had all of the presumed
prerequisites, there may have been additional prerequisites missing that could have led to
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improved generalization, or the prerequisites he had may not have all been necessary for
teaching intensity tacts. For instance, despite lacking some prerequisites and requiring
modification of the inclusion criteria, James demonstrated generalization to a novel hot
stimulus in the natural environment.
The Oucher manual recommends that young children be able to complete a visual
seriation task prior to using the scale (Beyer et al., 2009). Future researchers may want to
extend this seriation task to ensure that children can rate familiar, meaningful visual stimuli
on a scale of 0 to 10 or 1 to 5. For example, given a picture of a feather and a shoe, the
child would need to state which item is heavier and which item is lighter, and the
experimenter could teach the child to tact feather as “1” and shoe as “2.” Future researchers
may also want to evaluate the prerequisites for intensity tacts in a component analysis; for
instance, if a child is able to tact and identify as a listener greater and less quantities from a
picture, but not when given two numerals in an array, researchers could systematically
evaluate whether teaching this and other skills improves the likelihood that children will
learn to tact intensities and derive novel intensities. In this case, researchers can also
employ interventions derived from relational frame theory to teach concepts such as more
and less (e.g., Barnes-Holmes et al., 2004), and these interventions can be extended to
magnitudes of sensations.
Future researchers may also want to evaluate our procedure with additional
sensations (e.g., vibration, pressure); past research has used devices such as Algometers
(e.g., Benromano et al., 2017) to apply various amounts of pressure. Researchers could also
modify quantities of water to produce varying levels of wetness (e.g., Ackerley et al.,
2012).
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Importantly, because the aim of this study was to produce intensity tacts that may
be viable in more natural settings, future researchers would benefit from devising a way to
obtain pre- and post-test probes, or even only post-test probes, in actual doctor’s offices.
Future researchers may also want to teach children with ASD to use other pain scales, such
as the FPS-R (Hicks et al., 2001), the Oucher (Beyer et al., 2009), or the Hester Poker Chip
Tool (Hester, 1990). Prior to conducting this research, however, researchers may want to
survey a group of doctors to identify what the most commonly used pain scales are for
patients with ASD.
Design Modifications. In addition to the aforementioned future research, in future
iterations of the present study, we may arrange our experimental design differently.
Specifically, because we consistently observed generalization to novel stimuli, we might
focus on identifying ways to produce generalization to novel intensities. To ensure that our
procedures lead to practical outcomes, we could arrange future studies in ways that
evaluate generalization to higher and increasingly higher intensities.
For example, we may consider employing a multiple baseline design across
stimulus sets in which the stimulus sets consist of various intensities. In this iteration, the
design would be similar to the present study, but rather than the novel stimulus sets being
present across sensation sets, novel stimuli would be probed in each tier, as intensity sets
are learned. For example, after completing a baseline and pre-test generalization phase, in
Tier 1, we might teach the participant to tact Levels 1 and 2 of one stimulus subset (e.g.,
roughness of sandpaper) and test for generalization of the intensity tacts to three novel
materials: one from the same stimulus set (e.g., files) and two from different subsets (e.g.,
weight of bags of chain; temperature of water), as well as testing for generalization to
Levels 3 and 4 in the taught subset (i.e., sandpaper) by conducting the next baseline session
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in Tier 2. Tier 2 would be conducted similarly to Tier 1, but would include Levels 3 and 4
as the teaching targets. Tier 3 would also be conducted similarly, but would include Levels
5 and 6 as the teaching targets, and would contain a probe for Level 7 tacts. To further
increase functional independence between tiers, these increasing intensity targets could be
arranged within a multiple baseline design across sensations.
In a variation of this proposed experiment, researchers could arrange the targets
similarly within the tiers and use the teaching procedures given in the present study, but
only provide a prompt for one of the two targets in each set; for example, within a 10-trial
block containing five presentations of intensity Level 1 and five presentations of Level 2,
the experimenter would only provide an echoic prompt and deliver reinforcement for Level
2. Thus, the participant would have five opportunities to derive the tact of Level 1, as the
instruction would still be presented before its presentation. This might be an effective
arrangement because, rather than only presenting a comparison stimulus on one trial at the
start of a trial block, the comparison stimulus would be another target, presented adjacent
to the taught intensity level in each pair of trials. Kisamore et al. (2013) implemented a
similar arrangement to evaluate generalization within sets in a study on the effects of a
differential observing response (DOR) on intraverbal relations; specifically, for four out of
six participants, the DOR was only implemented for one of two targets within a set
although both targets were presented within the same 10-trial block.
Alternatively, we could employ a multiple baseline design across participants with
an ABACADA design. In this case, each participant would experience probe sessions to
test for tacts of intensity Levels 1 through 7 together (similar to the no-comparison probe in
the present study) and in pairs, for one stimulus subset (e.g., sandpaper). Based on
observations in the present study, there may be no need for an additional pre-session
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comparison stimulus, as we always presented the comparison stimuli in succession within
each trial block. We would then conduct pre-test probes for generalization to a novel
material in the same stimulus set (e.g., files), as well as two novel materials from two novel
stimulus sets (e.g., bags of chain; water). Following this A phase, the B phase would
consist of teaching the participants to tact Levels 1 and 2. Then, in a return to the A phase,
we would re-probe Levels 3 and 4 under baseline conditions, then (if unknown), in a C
phase, we would teach Levels 3 and 4. If known or after teaching, we would return to
phase A and retest Levels 5 and 6. If unknown, we would implement phase D and teach the
participant to tact Levels 5 and 6; if known or after teaching, we would return to phase A
and finally probe Level 7, Levels 1 through 7, and re-baseline each pair of intensity targets.
In each A phase, we would re-probe each novel stimulus set, as well. This evaluation
would allow us to evaluate how many intensity levels need to be taught to lead to
generalization to novel intensities.

Implications for Practice
The procedure outlined in the present study may be feasible for use in therapeutic
settings. Although the material preparation was time consuming in the temperature
stimulus set, the rough and heavy stimulus sets required no preparation. Additionally, there
may be more natural materials available in clinic settings, and Neptune seemed to enjoy his
“mystery box” and guessing what materials he would feel and their intensities. The
sensations the participants learned in the present study are related to pain; along the
continuum of temperature, extreme cold and extreme heat can cause pain. For example,
regarding James’ tact “5” after biting into hot pizza, hot food could burn an individual’s
tongue. Lifting excessive weight and high levels of roughness in certain contexts (e.g., a
wool sweater) can cause discomfort as well. This procedure may be especially beneficial to
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individuals who possess the skills of tacting sensations (e.g., scratchy, sharp) and locating
and tacting sensations on various body parts, but who do not respond (or do not respond
accurately) when a caregiver or doctor asks how intense something feels. Tacting
intensities provides additional information about sensations and may allow children to
communicate more effectively with caregivers and healthcare professionals. This study’s
procedures provided repeated exposure to the common question, “On a scale of 0 to 10,
how [sensation] does it feel?” potentially increasing the likelihood that a participant would
emit some response to the question in the future.
Wacker et al. (1985) demonstrated that after individuals learned one daily living or
vocational task, they all learned a second similar and third dissimilar task in fewer training
sessions. One participant in Rajagopal et al. (2021) demonstrated a similar pattern,
requiring 30 fewer sessions to learn two novel sensation-body part tacts after mastering a
set of nine. It is possible that participants in our study might learn the complex skill of
tacting the intensity of sensations more readily in the future. Alex (rough) and Jamie
(heavy) both mastered their third set in baseline with no teaching. Neptune required four
teaching sessions to master the rough set and subsequently three teaching sessions to
master the heavy set. However, he required five teaching sessions to master the final,
temperature set. The temperature set may have been more difficult as it was the only set
which involved a possible range of magnitudes within each intensity level, so Neptune still
may learn other intensity tacts at similar rates in the future.
The visual prompt we used was effective for both Neptune and James. When
teaching children who don’t readily demonstrate generalization to novel materials,
intensities, or body parts to tact sensations and their intensities, clinicians may consider
teaching children to use imagining strategies that incorporate common or familiar objects
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such as in the visual we used in the present study. Kisamore et al. (2011) employed a visual
imagining strategy to teach four typically developing 4- and 5-year-old children to engage
in complex intraverbals about three categories, within a multiple baseline design across
categories. The categories in their study included kitchen items (subcategories: appliances,
dishes, and utensils), vehicles (subcategories: land, water, and air), furniture
(subcategories: bedroom, living room, and office), and animals (subcategories: farm,
ocean, and zoo). Some of the items within the subcategories were likely familiar to the
children (e.g., car), while some may not have been (e.g., ocean liner). During probe
sessions, the experimenters recorded each child’s number of correct intraverbals following
a question about a category (e.g., “What are some vehicles?”). The experimenters
implemented interventions (intraverbal training, multiple tact training) prior to introducing
the visual imagining intervention, followed by a visual imagining prompting phase, and
finally, visual imagining prompting plus a rule.
In the visual imagining training (VIT), the experimenter modeled imagining
(Kisamore et al., 2011). A PowerPoint slide displayed a picture scene containing a
subcategory and items. After 10 s, the experimenter simulated closing their eyes by
displaying a blank, gray slide. After the gray slide, a slide containing the subcategory’s
background reappeared, without the items present. When the experimenter tacted the items
that were covertly seen, they also appeared on the slide, and this occurred until each of the
four items within the subcategory reappeared. Immediately after this model, the participant
was asked to close their eyes, imagine the subcategory scene, and tact the items covertly
seen within 10 s. The slides were then faded until the child only observed a black slide.
Following the VIT phase, the participants experienced a visual imagining prompting phase.
In this phase the participants were prompted to engage in either problem solving

TACTING INTENSITY

179

(“’Remember you can imagine…’” [Kisamore et al., 2011, p. 263]) or tact responses.
Finally, a rule was added to the intervention; the experimenters taught the participants to
state the strategy they could use to answer questions about items in a category. The
Kisamore et al. findings suggested that the children required the prompt to use the visual
imagining strategy and further required a rule to eliminate the prompts to emit greater
numbers of intraverbal responses about the categories.
In the present study, after the matching procedure was introduced in the postgeneralization training phase in Experiment 3, and subsequently when the visual prompt
including the scale was provided and faded, Neptune manded several times to do the
matching again and later, to see the picture again during sessions. Those mands, our tact
training procedure being insufficient to promote generalization to novel intensities in the
temperature set, and Neptune engaging in some scrolling behavior when the exclusion
procedure was implemented (temperature set only) combined suggest that introducing an
imagining strategy like the one described above could be both effective and preferred.
Clinicians may find it advantageous to modify interventions when indicated by the client,
as when Neptune tacted that the Level 5 felt like coffee prior to ever seeing the visual
prompt; the experimenter had originally planned to use a transfer of stimulus control from
listener responding to tact procedure. Moreover, although Shields et al. (2003) suggested
that visual features of scales like the VAS may be too complex for children, clinicians can
increase the familiarity, simplicity, and individuality of visual scales as needed.
The success of our visual prompt over the other procedures and selection for use
instead of the transfer-of-stimulus-control procedure also supports the findings of
Kisamore et al. (2011) who recommended using an imagining strategy over transfer-ofstimulus-control procedures to teach intraverbals. Overall, procedures including familiar
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visuals may be more functional and lead to improved application in real-world situations, if
children understand that they should compare what they are feeling to familiar objects and
experiences. Thus, it is possible that this strategy should be used with other stimulus sets in
addition to hot/cold feelings of temperature. For example, for a heavy stimulus set, the
scale could include the following pictures: Level 1 = feather, Level 2 = shoe, Level 3 =
toaster, Level 4 = 2-L soda bottle, Level 5 = stack of textbooks, and so on. This strategy
could also be extended to sharp/dull objects, as a closer analog to pain. Additionally, rather
than explaining and providing the visual prompt to the participants (and providing a
gestural prompt, in James’ case), clinicians could teach the participants to use a visual
imagining strategy and more systematically fade out the visual prompt by first fading the
pictures, then fading the numbers, and then fading out the PowerPoint slide altogether.

Conclusion
Medical professionals frequently employ numerical rating scales to measure pain
in adults and children alike; pain intensity is an important measure of treatment effects
(Huguet et al., 2010). Children with ASD frequently have difficulty communicating about
sensations (Allely, 2013) although they perceive stimuli similarly to their typically
developing peers (Cascio et al., 2008; O’Riordan & Passetti, 2006). The results of the
present experiments with typically developing adults and children and one child with ASD
provide a foundation for teaching additional children with ASD to tact intensity and other
features of sensations. One typically developing child tacted a novel intensity in the natural
environment, and the child with ASD learned the intensity tacts and generalized intensity
tacts to new stimuli, body parts, and intensity, although some generalization required
supplemental procedures. This child may be more likely to emit similar responses or learn
similar skills more quickly in the future (e.g., Rajagopal et al., 2021; Wacker et al., 1985).
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Answering questions about the intensity of sensations could improve access to adequate
medical care for individuals with ASD. This study serves as a preliminary evaluation of a
procedure that clinicians and other caregivers can use to teach individuals with ASD to
describe the intensity of various sensations.
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Figure 1
The Non-communicating Children's Pain Checklist-Revised (NCCPC-R)
Non-communicating Children’s Pain Checklist – Revised (NCCPC-R)
NAME:____________________________

UNIT/FILE #: ____________

OBSERVER:________________________

START TIME:______________AM/PM

DATE:____________________ (dd/mm.yy)
STOP TIME:_____________AM/PM

How often has this child shown these behaviours in the last 2 hours? Please circle a number for each item. If an item does
not apply to this child (for example, this child does not eat solid food or cannot reach with his/her hands), then indicate "not
applicable" for that item.
0 = NOT AT ALL

1 = JUST A LITTLE

2 = FAIRLY OFTEN

3 = VERY OFTEN

NA = NOT APPLICABLE

I. Vocal
1. Moaning, whining, whimpering (fairly soft)………………………………………..
2. Crying (moderately loud)……………………...........................................................
3. Screaming/yelling (very loud)………………………………………………………
4. A specific sound or word for pain (e.g., a word, cry or type of laugh)……………..

0
0
0
0

1
1
1
1

2
2
2
2

3
3
3
3

NA
NA
NA
NA

II. Social
5. Not cooperating, cranky, irritable, unhappy………………………………………..
6. Less interaction with others, withdrawn……………………………………………
7. Seeking comfort or physical closeness ……….........................................................
8. Being difficult to distract, not able to satisfy or pacify…………………………….

0
0
0
0

1
1
1
1

2
2
2
2

3
3
3
3

NA
NA
NA
NA

III. Facial
9. A furrowed brow……………………..………..........................................................
10. A change in eyes, including: squinching of eyes, eyes opened wide, eyes frowning
11. Turning down of mouth, not smiling………………………………………………..
12. Lips puckering up, tight, pouting, or quivering…………………………………….
13. Clenching or grinding teeth, chewing or thrusting tongue out ……………………..

0
0
0
0
0

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

NA
NA
NA
NA
NA

IV. Activity
14. Not moving, less active, quiet……….. …….………………………………………. 0
15. Jumping around, agitated, fidgety…………………………………………………... 0

1
1

2
2

3
3

NA
NA

0
0
0
0
0

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

NA
NA
NA
NA
NA

0

1

2

3

NA

VI. Physiological
22. Shivering ……………………………………………………………………………
23. Change in color, pallor ……………………………………………………………..
24. Sweating, perspiring ………………………………………………………………..
25. Tears…………………………………………………………………………………
26. Sharp intake of breath, gasping……………………………………………………...
27. Breath holding……………………………….………………………………………

0
0
0
0
0
0

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

NA
NA
NA
NA
NA
NA

VII. Eating/Sleeping
28. Eating less, not interested in food…………………………………………………..
29. Increase in sleep……………………….……………………………………………
30. Decrease in sleep……………………. ………..........................................................

0
0
0

1
1
1

2
2
2

3
3
3

NA
NA
NA

V. Body and Limbs
16. Floppy ………………………………………………………………………………
17. Stiff, spastic, tense, rigid ……………………………………………………………
18. Gesturing to or touching part of the body that hurts ………………………………..
19. Protecting, favoring or guarding part of the body that hurts …….………………….
20. Flinching or moving the body part away, being sensitive to touch………………....
21. Moving the body in a specific way to show pain
(e.g. head back, arms down, curls up, etc.) …………………………………………

SCORE SUMMARY:
Category:
Score:

I

II

III

IV

V

VI

VII

TOTAL

Version 01.2004 © 2004 Lynn Breau, Patrick McGrath, Allen Finley, Carol Camfield
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Figure 2
Three Versions of The Oucher

Note. From left to right, these are the White, Black, and Asian versions of The Oucher.
Click here to return to text.

204

TACTING INTENSITY

Figure 3
The Faces Pain Scale-Revised (FPS-R)
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Figure 4
Survey Results by von Baeyer (2009) Illustrating Problems with Consistency of NRS Administration
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Figure 5
Script and Procedures by Shields et al. (2003) for the New Method of Training Children to
Self-report Pain

Click here to return to text.
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Figure 6
Rough Stimulus Sets
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Note. The top image depicts the files, with lowest to highest roughness ordered from left to
right. The lower images depict the sandpaper sheets, also ordered by roughness.
Click here to return to text.
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Figure 7
Tight Stimulus Sets

Note. From top to bottom, the cable tie and watch strap are displayed, with intensity levels marked.
Click here to return to text.
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Figure 8
Stimulus Box

Note. From top to bottom, the participant’s view of the stimulus box and the
experimenter’s view inside the stimulus box are shown.
Click here to return to text.
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Figure 9
Pilot Data Displaying Roger's Percentage of Correct Tacts During Each Session
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Note. The vertical double line represents the two prompt sessions during the teaching phase.
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Figure 10

Reported Intensity

Roger’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Rough Set
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Figure 12
Roger’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Rough Set
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Figure 13
Roger’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Tight Set
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Figure 14
Heavy Stimulus Sets
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Figure 15
Temperature Stimulus Sets

Click here to return to text.
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Figure 16
Alex’s Percentage of Correct Tacts During Each Session
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Figure 17

Reported Intensity

Alex’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Heavy Set
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Figure 18

Reported Intensity

Alex’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Temperature Set
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Figure 19

Reported Intensity

Alex’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Rough Set
10
9
8
7
6
5
4
3
2
1
0

Pre
Post

Rough
1.0

2.0

3.0

Intensity

Click here to return to text.

4.0

5.0

TACTING INTENSITY

224

Figure 20
Alex’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Heavy Set
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Figure 21
Alex’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Temperature Set
Average Number of Responses per Intensity Level
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Figure 22
Alex’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Rough Set
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Figure 23
Jamie’s Percentage of Correct Tacts During Each Session
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Figure 24

Reported Intensity

Jamie’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Rough Set
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Figure 25

Reported Intensity

Jamie’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Temperature Set
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Figure 26

Reported Intensity

Jamie’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Heavy Set
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Figure 27
Jamie’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Rough Set
Pre-test

Post-test
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Figure 28
Jamie’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Temperature Set
Average Number of Responses per Intensity Level
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Figure 29
Jamie’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Heavy Set
Average Number of Responses per Intensity Level
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Figure 30
Visual Prompt
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Figure 31
James’, Madeline’s, and Malcolm’s Percentage of Correct Intensity Tacts in Each Session

100

Baseline and
Pre-test
Gen Probes

Post-test
Gen Probes

Teaching

Post-gen
Training

0s

Visual +
Feedback

Booster

80

Visual
4-trial

60

Rule

Feedback

40

Gesture

20

James

0
5

15

25

35

45

Percentage Correct

100
80
60
40
20
Madeline

0
5
100
80
60
40

15

25

35

1-5 No comparison
Tx-Int Subset 1
Tx-Int Subset 2
Nov-Int Subset 1
Nov-Int Subset 2
Tx-Int Subset 1, Novel body

20
Malcolm

0
5

15

25

35

Sessions

Note. In the legend, Tx-Int refers to the intensities targeted for teaching for each
participant, and Nov-Int refers to the intensities targeted for generalization; teaching and
generalization targets were counterbalanced across participants.
Click here to return to text.
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Figure 32

Reported Intensity

James’ Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level
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Figure 33

Reported Intensity

Madeline’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level
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Figure 35
James’ Average Number of Different Responses per Intensity Level in Each Generalization Probe
Pre-test

Average Number of Responses per Intensity Level
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Figure 36
Madeline’s Average Number of Different Responses per Intensity Level in Each Generalization Probe
Pre-test

Average Number of Responses per Intensity Level
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Figure 37
Malcolm’s Average Number of Different Responses per Intensity Level in Each Generalization Probe
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Array of Scales Presented during Neptune’s Pre-experimental Assessment

Click here to return to text.
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Figure 39
Neptune’s Percentage of Correct Tacts During Each Session
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Figure 40

Reported Intensity

Neptune’s Pre- and Post-test Response Variability, Mean, and Range Separated by Intensity Level for Rough Set
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Figure 43
Neptune’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Rough Set
Pre-test

Post-test

Average Number of Responses per Intensity Level

5

4

3

2

1

Click here to return to text.

N

,2
pa
rt
1

ov
el
bo
dy

Fi
le
s

4,

5

5
4,

2

nd
pa
pe
r

Fi
le
s

1,
Sa

N

o

co
m
pa
ris

on

,2
pa
rt
1

5
N

ov
el
bo
dy

Fi
le
s

4,

5
4,

2

nd
pa
pe
r

Fi
le
s

1,
Sa

N

o

co
m
pa
ris

on

0

TACTING INTENSITY

248

Figure 44
Neptune’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Heavy Set
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Figure 45
Neptune’s Average Number of Different Responses per Intensity Level in Each Generalization Probe for Temperature Set
Pre-test

Post-test
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Figure 46
Neptune’s Preference Assessment Results

Click here to return to text.
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Table 1
Rough and Tight Stimuli Matched by Intensity Level for the Pilot Participant
Rough: Grit size
Intensity
level

Tight: Length

Sandpaper

File

Cable tie (wrist)

Watch strap (wrist)

Cable tie (ankle)

1

1000

600

7 in

7 in

9 in

2

220

240

6.75 in

6.75 in

8.75 in

3

120

150

6.5 in

6.5 in

8.5 in

4

100

80

6.25 in

6.25 in

8.25 in

5

60

40

6 in

6 in

8 in

Click to return to description of rough stimulus sets.
Click to return to description of tight stimulus sets.
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Table 2
Matched Magnitudes in Experiments 1, 2, and 3
Rough
(grit size)

Level

1
2
3
4
5

Sandpaper

Files

Cardboard
1000
400
120
60

Foil wrapped
600
150
80
40

Number of
chain links
1
11
21
48
92

Heavy
(grams)

Temperature
(range in degrees F)

Chain

Water

64
328
594
1308
2708

79
329
594
1309
2709

Click here to return to Experiment 1 stimulus descriptions.
Click here to return to description of temperature stimulus sets.
Click here to return to description of preparation of temperature stimulus sets.

Gel pack
32-50
55-70
72-82
85-97
100-110

Water
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Table 3
Counterbalancing of Stimulus Subsets for Pilot Experiment, Experiments 1, 2, and 3
Pilot
Teaching
Generalization
Novel body
Comparison
Experiment 1
Teaching
Generalization
Novel body
Comparison

Teaching
Generalization
Novel body
Comparison
Experiment 2
Teaching
Generalization
Novel body
Comparison

Roger
Levels
3, 5
2, 4
1

Tight
Cable tie
Watch strap
Ankle
Alex

Levels
4, 5
1, 2
3
Levels
1, 2
4, 5
3
Temperature
Water
Gel pack

Experiment 3
Teaching
Generalization
Novel body
Comparison

Rough
Sandpaper
Files
Hand

Levels
1, 2
4, 5
3

Click here to return to text.

Heavy
Water jugs
Chain
Foot

Rough
Sandpaper
Files
Foot

Jamie
Temperature
Rough
Water
Files
Gel pack
Sandpaper
Arm
Arm

Temperature
Gel pack
Water
Foot

Heavy
Chain
Water
Arm

James

Malcolm

Madeline

Levels
1, 2
4, 5
Arm
3

Levels
1, 2
4, 5
Arm
3

Levels
4, 5
1, 2
Foot
3

Neptune
Rough
Temp
Sandpaper
Water
Files
Gel pack
Foot
Foot
3
3

Heavy
Chain
Water jugs
Foot
3
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Table 4
Average of Ranges of Responses Across Intensity Levels Pre- and Post-test, and Overall Variability Score

Tight

Roger

Pre-test Average
Range
3.4

Rough

Roger

2.8

1.4

1.4

Alex

2

1.2

0.8

Jamie

2.8

1.6

1.2

Neptune

8.2

5.4

2.8

Alex

3.4

1.4

2

Jamie

2.2

1

1.2

Neptune

7.4

2.8

4.6

Alex

4.4

1.2

3.2

Jamie

2.4

1

1.4

James

6.6

2

4.6

Malcolm

4.4

2.2

2.2

Madeline

2.8

1

1.8

Sensation

Heavy

Temperature

Participant

Post-test Average
Range
1.6

Variability Score
1.8

Neptune
8.4
6.4
2
Note. The variability score is the change in average variability from pre- to post-test. The larger the positive variability score, the
more change in performance in the desired direction was observed.
Click here to return to Roger’s results.
Click here to return to Alex’s results.
Click here to return to Jamie’s results.
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Click here to return to Experiment 2 results.
Click here to return to Neptune’s results.
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Table 5
Average of Average Number of Responses per Intensity Level at Pre- and Post-test, and Discrimination Scores
Average of Average Number of
Responses per Intensity Level
Sensation

Discrimination Score

Participant

Pre-test

Post-test

Pre-test

Post-test

Tight

Roger

2.58

1.22

1.58

0.22

Rough

Roger

1.74

1.12

0.74

0.12

Alex

1.36

1.1

0.36

0.1

Jamie

1.44

1.16

0.44

0.16

Neptune

4.06

1.68

3.06

0.68

Alex

1.78

1.16

0.78

0.16

Jamie

1.38

1.1

0.38

0.1

Neptune

4.2

1.26

3.2

0.26

Alex

1.6

.92

0.6

-0.08

Jamie

1.56

1.06

0.56

0.06

James

1.26

1.26

0.26

0.26

Malcolm

2.38

1.7

1.38

0.7

Madeline

2.32

1.54

1.32

0.54

Neptune

4.36

1.86

3.36

0.86

Heavy

Temperature

Note. Discrimination scores with smaller absolute values indicate more discriminated responding.
Click here to return to Roger’s results.
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Click here to return to Alex’s results.
Click here to return to Jamie’s results.
Click here to return to Experiment 2 results.
Click here to return to Neptune’s results.
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Appendix A
Treatment Integrity Checklists

Click here to return to text.
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Appendix B

SESSION CHECKLIST
Tacting intensity study

COVID

Pre- and Post-session Checklists

¨ Complete screening questionnaire for:
o Family/child/participant
o All researchers
¨ Enter screening results into Excel file on Box
¨ Wear mask & gloves (bring extra for participant if necessary), bring hand
sanitizer
¨ Ensure seating arrangement is distanced
¨ Disinfect surfaces and research materials
¨ Ensure video camera is plugged in 1 day or several hours before session start
¨ Experimenters arrive 15 mins prior to session start

POST-SESSION

PRE-SESSION

¨ Check session log & complete all info for that day
¨ Double check previous day’s data & email for any treatment changes
Gather materials (Primary)
¨ Participant binder
¨ Data sheet
¨ Clipboard
¨ Pen
¨ Timer
¨ Video camera
¨ Tripod
¨ MicroSD card
¨ Research stimuli
¨ Stimulus set for current phase
¨ Participant’s preferred items/activities [child only]
¨ Edibles or tokens (+ gloves if edibles) [child only]
Gather materials (IOA/TI data collector)
¨ Copy of data sheet – IOA
¨ TI data sheet
¨ Clipboard
¨ Pen
¨ Timer
Set up camera
¨ Ensure camera/tripod are placed at an angle to capture adult/child, researcher,
and stimuli
¨ Put away all materials, plug camera in for next day’s use
Upload video to box folder
¨ All files >> Research >> Nicholson lab >> Tacting intensity>>Participants>> P1>>
Videos
¨ Name format: [Session]_[Phase]_[Participant initials]_[Month.Day.Year]
¨ Graph data immediately and email research team with screenshot of graph and
suggested next steps
¨ Disinfect all surfaces (e.g., tables & chairs) and research materials (e.g., camera,
iPads, teaching stimuli, binders, pens, etc.)

Click here to return to the pilot experiment.
Click here to return to COVID-19 protective measures.
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Appendix C
Scripts

Note. Scripts were adjusted after the first visit to incorporate changes to break durations.
Click here to return to text.
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Appendix D
Session #:
Date:

Example Data Sheets

Stimulus set:
Data collector:

Primary / IOA
Pre-assessment

Pre-assessment / target selection
Ask participant to select 2 body parts that might be exposed in public:
TX:
Right wrist, Right fingertips
GEN:
Left ankle, back of hand

N-C probe session: body part #1 (TX) for all 3 probes
Use TX stimulus sets
Stimulus set 1: Sandpaper
Fingers
Session 1
Trial Intensity
Response
1
1
2
3
3
2
4
5
5
4
6
1
7
2
8
5
9
4
10
3

Session #:
Date:

Stimulus set 2: Cable tie
Wrist
Session 2
Intensity Response
1
2
4
3
5
4
3
1
5
2

Stimulus set:
Data collector:

Primary / IOA
Baseline

Baseline: Sandpaper
BL 1

S3
Trial Intensity Body part
1
Fingers
1
3
Fingers
2
5
Fingers
3
5
Fingers
4
3
Fingers
5
3
Fingers
6
5
Fingers
7
5
Fingers
8
3
Fingers
9
5
Fingers
10
3
Fingers

BL 2
S7
Response Intensity
Body part
1
Fingers
3
Fingers
5
Fingers
5
Fingers
3
Fingers
5
Fingers
3
Fingers
3
Fingers
5
Fingers
3
Fingers
5
Fingers

Response

BL 3
S 11
Intensity Body part Response
1
Fingers
3
Fingers
5
Fingers
5
Fingers
3
Fingers
3
Fingers
5
Fingers
5
Fingers
3
Fingers
5
Fingers
3
Fingers

Baseline: Cable tie

Visit #:
Participant:
BL 1
S4
BL 2
S8
BL 3
S 12
Date:
Data collector:
Trial Intensity Body part Response Intensity
Body part
Response Intensity Body part Response
1
Wrist
1
Wrist
1
Wrist
PA:
PA:
PA:
1
3
Wrist
3
Wrist
3
Wrist
Session:
Session:
Session:
2
5
5
5
Stimulus
set: Wrist
Stimulus
set: Wrist
Stimulus
set: Wrist
3
5 part #1: Wrist
5 part #1: Wrist
5 part #1: Wrist
Body
Body
Body
4Trial
3Intensity Wrist Response
3 Intensity Wrist Response
3
Wrist Response
Intensity
5
3 3
Wrist #
5
Wrist
3 3
Wrist#
+ / - / NR
3
#
+ / - / NR
+ / - / NR
61
5 1
Wrist
3
Wrist
5 2
Wrist
1
72
5 2
Wrist
3
Wrist
5 1
Wrist
2
83
3 2
Wrist
5
Wrist
3 2
Wrist
2
94
5 1
Wrist
3
Wrist
5 1
Wrist
1
105
3 1
Wrist
5
Wrist
3 1
Wrist
2
6
2
1
2
7
2
1
1
8
1
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2
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1
2
1
Baseline: Cable tie
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END
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1 bottom,
1
1 and
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1
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3
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8
1
9
2
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1

PA result:
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3
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5
2
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3
1
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5
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3
1
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3
1
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5
2
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3
1
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5
2
1
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Intensity
Wrist Response
5
Wrist Response
#
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/
NR
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Wrist
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3 2
Wrist
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3
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1
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displayed, followed by Neptune’s baseline data sheet.
Click here to return to text.

PA result:
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Appendix E
Social Validity Questionnaire

Note. For Experiments 2 and 3, when this survey was administered to parents, questions 4
and 6 were omitted.
Click here to return to text.
Click here to return to Experiment 3 method.
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A p p e n di x F
C O VI D -1 9 S cr e e ni n g Q u esti o n n air e
S cr e e ni n g Q u e st i o n n air e
1.

H a v e y o u h ad a n y of t h e fol lo w in g s y m pt o ms in th e p a st 1 4 d a ys wit h o ut c o nfirm a ti o n as s o m ethi n g
ot h e r th a n C O V I D-1 9 (s u c h as a p ositiv e flu t est, c hr o ni c m e di c al c o n diti o n, et c .)?
❑
❑
❑
❑
❑
❑
❑

2.

F e v e r gr e at er th a n 1 0 0. 4 d e g F ?
C o ug h?
S h ort n e s s of Br e ath or Diffi cul ty br e at hi n g ?
S or e t hr o at ?
L os s of t ast e or sm e ll ?
Hea da c h e?
F ati g u e ?

I n th e l ast 1 4 d a ys , h a v e y o u liv e d wit h, vi sit ed, c ar e d for , or b e en in a r o o m for a pr ol o n g e d p e ri o d
of tim e wit h s o m e o n e w h o is u n d e r in v esti g a ti o n or h a s b e e n c o nfir m e d for C O VI D-1 9 / cor o n a vi rus
inf e cti o n ?

If p arti ci p a nts s a y “ y es ” t o a n y of t h e q u esti o ns, it i s r e c o m m e n d e d t h at th e r es e ar ch b e r es c h e d u l e d for
a l at er d a t e an d p a rti cip a nt s b e di r e ct ed t o Flor id a D ep a rtm e nt of H e alth (w w w .flor id a h e alt h. g o v ) or t o
C e nt er f or Dis e as e C o ntrol an d Pr ev e nt i o n (ht tps :// w w w. c d c. go v/ c or o n a vi rus /2 0 1 9 - n c o v/in d e x . html )

Cli c k h er e t o r et ur n t o t e xt.
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Appendix G
COVID-19 Declaration of Compliance with Protective
Measures
Declaration of Compliance with COVID-19 Protective Measures
Study Title: Teaching individuals to tact intensities of sensations based on public
accompaniments
IRB #: 19-143
Date: 10/27/2020
Dear Participant,
Your participation continues to be voluntary in this study. However, to safeguard the health and
safety of all participants (including yourself) from exposure to and spread of COVID-19, we
require that you acknowledge and agree to the terms outlined in this document. This Declaration
of Compliance will be kept safely and will not be disclosed unless as required by law or with
your consent.
I will follow the safety, physical distancing, and hygiene protocols as outlined below
1. Comply with all public safety directives provided to me for gaining access to the campus.
2. Proceed directly to the area where the study will be conducted.
3. Always wear a mask while proceeding to the interview site. Once I am in the room where
the study is being conducted and alone, I will interact with researchers via a video
monitor present in the room. I will be asked to remove my mask at this point. Once the
session has concluded, I will put on my mask before exiting the room.
4. I will maintain a distance of at least 6 ft from other people and adhere to any applicable
rules limiting the number of people on an elevator at any given time.
5. Use sanitizer on my hands immediately before entering and after leaving the interview
room.
6. After completing the session, immediately exit the facility and leave the campus.
If you have any questions or concerns about the study, please contact the principal investigator at
[srajagopal2015@my.fit.edu]
If you have questions about your rights as a research subject while taking part in this study,
please contact Dr. Jignya Patel at jpatel@fit.edu

Participant Name: _____________
Participant Signature: ______________

Click here to return to text.
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Appendix H
Experiment 2 Script for Madeline and Malcolm
BEFORE ALL SESSIONS
“Today is [date], this is phase [phase], session [#], with [participant initials].”
Pre-assessment
Pre-session
Pre-trial

Ask to pick 2 body parts, explain study
Instruction dependent on probe. Familiarization w/ stimulus box: “I’m going to ask
you to put your hand into this box and touch the toy. You can keep your eyes open at
first, but then I’m going to ask you to close them.”

No-Comparison probe
Pre-session

Instruction

“During this session, I will let you feel [stimulus, i.e., water OR gel pack] on/with your
[body part]. Please don’t look at any of our things, and I want you to close your eyes. I
will tell you when you can open them. After you feel the [stimulus] 10 times, you can
trade your tokens for time playing with [chosen toy/activity] for [#] minutes.”
“On a scale of 0-10, with 0 being no amount and 10 being the highest amount possible,
how [sensation, i.e., rough/hot/etc.] does this feel?”
*After first trial, can just ask “How much [sensation] do you feel?” or “What level of
[sensation] do you feel?”

Baseline/Generalization
Pre-session

Instruction

“During this session, I will let you feel [stimulus] on/with your [body part]. Please don’t
look at any of our things, and I want you to close your eyes. I will tell you when you can
open them. After you feel the [stimulus] 10 times, you can trade your tokens for time
playing with [chosen toy/activity] for [#] minutes. First, I’m going to show you what we
think is a Level 3 for [sensation].”
“On a scale of 0-10, with 0 being no amount and 10 being the highest amount possible,
how much [sensation] do you feel?”
*After first trial, can just ask “How much [sensation] do you feel?” or “What level of
[sensation] do you feel?”

Teaching - Prompted
Pre-session

Prompt

“During this session, I will let you feel [stimulus] on/with your [body part]. Please don’t
look at any of our things, and I want you to close your eyes. I will tell you when you can
open them. This time, I’m going to tell you what level you’re feeling, based on what we
think the levels should be. I want you to repeat the number after me while you touch
the [stimulus]. After you feel the [stimulus] 10 times, you can trade your tokens for time
playing with [chosen toy/activity] for [#] minutes. First, I’m going to show you what we
think is a Level 3 for [sensation].”
First trial: “On a scale of 0-10, with 0 being no amount and 10 being the highest amount,
this is a level [#] of [sensation]”
*Subsequent trials, can just state number

Teaching – Probe
Pre-session

"Every time you feel the [stimulus], please tell me on a scale of 0-10 how much
[sensation] you feel. Here is a level 3.”

Click here to return to text.
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Appendix I
Experiment 2 Script for James
BEFORE ALL SESSIONS
“Today is [date], this is phase [phase], session [#], with [participant initials].”
Pre-assessment
Pre-session
Pre-trial

Ask to pick 2 body parts, explain study
Instruction dependent on probe. Familiarization w/ stimulus box: “I’m going to ask
you to put your hand into this box and touch the toy. You can keep your eyes open at
first, but then I’m going to ask you to close them.”

No-Comparison probe
Pre-session

Instruction

“During this session, I will let you feel [stimulus, i.e., water OR gel pack] on/with your
[body part]. Please don’t look at any of our things, and I want you to close your eyes. I
will tell you when you can open them. After you feel the [stimulus] 10 times, you can
trade your tokens for time playing with [chosen toy/activity] for [#] minutes.”
“On a scale of 1-5, with 1 being no amount and 5 being the highest amount possible,
how [sensation, i.e., rough/hot/etc.] does this feel?”
*After first trial, can just ask “How much [sensation] do you feel?” or “What level of
[sensation] do you feel?”

Baseline/Generalization
Pre-session

Instruction

“During this session, I will let you feel [stimulus] on/with your [body part]. Please don’t
look at any of our things, and I want you to close your eyes. I will tell you when you can
open them. After you feel the [stimulus] 10 times, you can trade your tokens for time
playing with [chosen toy/activity] for [#] minutes. First, I’m going to show you what we
think is a Level 3 for [sensation].”
“On a scale of 1-5, with 1 being no amount and 5 being the highest amount possible,
how much [sensation] do you feel?”
*After first trial, can just ask “How much [sensation] do you feel?” or “What level of
[sensation] do you feel?”

Teaching - Prompted
Pre-session

Prompt

“During this session, I will let you feel [stimulus] on/with your [body part]. Please don’t
look at any of our things, and I want you to close your eyes. I will tell you when you can
open them. This time, I’m going to tell you what level you’re feeling, based on what we
think the levels should be. I want you to repeat the number after me while you touch
the [stimulus]. After you feel the [stimulus] 10 times, you can trade your tokens for time
playing with [chosen toy/activity] for [#] minutes. First, I’m going to show you what we
think is a Level 3 for [sensation].”
First trial: “On a scale of 1-5, with 1 being no amount and 5 being the highest amount,
this is a level [#] of [sensation]”
*Subsequent trials, can just state number

Teaching – Probe
Pre-session

"Every time you feel the [stimulus], please tell me on a scale of 1-5 how much
[sensation] you feel. Here is a level 3.”

Click here to return to text.
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Appendix J
Experiment 3 Script for Neptune
BEFORE ALL SESSIONS
“Today is [date], this is phase [phase], session [#], with [participant initials].”
Pre-assessment
Pre-session
Pre-trial

Ask to pick 2 body parts, explain study
Instruction dependent on probe. Familiarization w/ stimulus box: “I’m going to ask
you to put your hand into this box and touch the toy. You can keep your eyes open at
first, but then I’m going to ask you to close them.”

No-Comparison probe
Pre-session

Instruction

“During this session, I will let you feel [stimulus, i.e., water OR gel pack] on/with your
[body part]. Please don’t look at any of our things, and I want you to close your eyes. I
will tell you when you can open them. After you feel the [stimulus] 10 times, you can
trade your tokens for time playing with [chosen toy/activity] for [#] minutes.”
“On a scale of 0-10, with 0 being no amount and 10 being the highest amount possible,
how [sensation, i.e., rough/hot/etc.] does this feel?”
*Ask full question before every trial.

Baseline/Generalization
Pre-session

Instruction

“During this session, I will let you feel [stimulus] on/with your [body part]. Please don’t
look at any of our things, and I want you to close your eyes. I will tell you when you can
open them. After you feel the [stimulus] 10 times, you can trade your tokens for time
playing with [chosen toy/activity] for [#] minutes. First, I’m going to show you what we
think is a Level 3 for [sensation].”
“On a scale of 0-10, with 0 being no amount and 10 being the highest amount possible,
how much [sensation] do you feel?”
*Ask full question before every trial.

Teaching
Pre-session

Instruction

Prompt

“During this session, I will let you feel [stimulus] on/with your [body part]. Please don’t
look at any of our things, and I want you to close your eyes. I will tell you when you can
open them. This time, I’m going to tell you what the level is. I want you to repeat the
number after me while you touch the [stimulus]. After you feel the [stimulus] 10 times,
you can trade your tokens for time playing with [chosen toy/activity] for [#] minutes.
First, I’m going to show you what we think is a Level 3 for [sensation].”
“On a scale of 0-10, with 0 being no amount and 10 being the highest amount possible,
how [sensation] does it feel?” (Repeat before every trial, at minimum “on a scale of 010” and “how [sensation] does it feel?”)
Echoic prompt “[#]” immediately (0-s delay) or after 2-s (2-s delay)

Teaching – 2-s delay
Pre-session

"Every time you feel the [stimulus], please tell me on a scale of 0-10 how much
[sensation] you feel. Keep your eyes closed! After you feel the [stimulus] 10 times, you
can trade your tokens. Here is a level 3.”

Click here to return to text.
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Appendix K
Social Validity Survey for Children
NAME: __________
Thank you for helping me with my research! We are going to answer some questions about
mystery box time with the water, gel packs, chain, water jugs, sandpaper, and files.
Did you like this research?
No

Sometimes

Yes

I don’t know

?

Was this research fun?
No

Sometimes

Yes

I don’t know

?

Will you do research with us again?
No

Maybe

Yes

I don’t know

?

Did anything hurt in this research?
No

Sometimes

Yes

I don’t know

?

Did you learn new things in this research?
No

Click here to return to text.

Yes

I don’t know

?

